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penna,  m  Ireland,  deftroyed  in  Confequence  of  the  Change  of  Climate  fap- 
pofed  to  have  taken  Place  in  that  liland  during  the  prefent  Century.  2. 
The  powerful  Ele^rical  Machine  of  Rouland,  which  operates  by  the 
Friftion  of  Silk. 

I.  Memoir  on  the  Climate  of  Ireland.  By  the  Rev.  William  Hamilton,  of 
Pavet,  in  the  County  of  Donegal ;  late  Fellow  of  Trinity  College,  Dublin ; 
M.R.l.A.  Correfponding  Member  of  the  Royal  Society  of  Edinburgh, 
&c.        —  —  —  —  —        —        p.  381 

General  opinion  that  the  feafons  of  Ireland  are  confiderablj  changed  within  the  memory  of  man  ; 
that  the  winters  are  milder,  and  the  fummers  lefs  warm.  Meteorological  inftruments  do  not  ex- 
hibit  all  the  circumflances  which  influence  a  climate.  Recourfie  muft  be  had  to  other  obferva- 
tions.  The  winds  of  Ireland  have,  of  late  years,  blown  with  uncommon  violence  from  the  wefl- 
ward.  Their  effeds  are  particularly  marked  on  the  province  of  Ulfter.  Interefting  fads  re« 
fpe£ling  trees  which  formerly  flouri(hed  in  Ireland,  but  cannot  now  withfland  the  rigour  of  the 
feafons.  The  fands  of  the  fea  have  been  driven  with  increafed  violence  on  the  Irilh  coaft.  In- 
ilances  of  the  fpeedy  deftrudion  of  habitable  places  and  diftrids  from  this  caufe  in  the  Corpora- 
tion of  Bannow,  the  Manfion  of  Rofeapennayand  other  deferted  habitations.  Increafiog  violence 
of  tlie  tides  from  the  Atlantic  Ocean. 

II.  Analyfis  of  the  Red  Lead  of  Siberia ;  with .  Experiments  on  the  New 
Metal  it  contains.  By  Citizen  Vauquelin,  Infpeftor  of  Ores,  and  Con- 
fervator  of  Chemical  Produ£ts  at  the  Mineralogical  School     —        p.  387 

Hiftory  of  the  Siberian  Red  Lead  Ore,  and  the  experiments  formerly  made  upon  it.  New  analyfis. 
I.  fiy  boiling  with  carbonate  of  potaih,  which  precipitated  carbonate  of  lead,  and  formed  a 
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ARTICLE    L 

A  Memoir  dni  new  Experiments  on  the  Artificial  Cinnaiar  of  Mr.  Kirchoff.  By  the  Count 
ApOLLOS  dm  MoUSSIN'PouSCHINf  Chamberlain  to  bis  Majejty  the  Emperor  of  all  the 
Rujfias^  Vice-Prejident  of  the  College  of  Mines ^  Honorary  Member  of  the  Imperial  Academy 
ofScienceSy  at  Peterfburg*^  is^c.  isfe. 

X  H  £  annual  confumption  of  cinnabar  by  a  variety  of  manufacturers  and  artiftsi  and 
the  certain  fale  of  this  beautiful  colour,  render  it  undoubtedly  an  intereding  objeS  of 
political  economy  for  dl  dates  which  poflefs  the  ores  of  quickfilver,  as  well  as  a  branch 
of  fpeculation  for  the  merchant  which  has  hitherto  fupported  the  manufa£iorics  of  ver 
milion,  and  has  even  fixed  the  attention  of  the  induftrious  Hollanders,  who  not  being  able 
to  derive  advantage  from  the  fabrication  of  this  produfk  at  firft  hand,  have  eftablifhcd,  as 
it  is  faid,  mills  for  cinnabar,  in  which  this  colour  gains  the  brilliancy  and  fmoothnefs  ne- 
ceflary  for  its  employ  in  the  arts.     This  procefe,  which  they  myfterioufly  conceal,  has 
hitherto  been  attended  with  profits  the  more  confiderable,  as  it  is  pretended  that  great 
part  of  the  cinnabar  which  is  adulterated  by  different  proceffes  is  vended  through  Europe 
from  thefe  manufactories  at  firft  handf.     The  methods  by  which  cinnabar  has*  hitherto 

been 

*  Tranllated  from  the  French  manufcript,  communicated  by  Charles  Hatchctt,  Efq.  who  received  it  from 
tlie  author,  with  fome  fpecimens  of  the  cinnabar,  which  he  finds  to  be  of  the  bed  quality.  The  memoir  was 
addreflcd  to  the  Societe  des  Amis  Scrutateurs  dc  la  Nature. 

t  Mr  Tuckert,  who  feveral  times  affifted,  or  was  prefent  during  the  preparation  of  artificial  cinnabar  at 
the  manufaflory  of  Mr.  Brand,  wivhout  the  Utrecht  gate  at  Amfterdam,  has  given  an  account  of  the  procefl*es 
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Seen  obtained  are  tcJcT  wfelfT^riowri,  anrf  it  wouM  be  fuperfluous  to  mention  tKem  ticre. 
But  as  the  various  inconveniences  of  fublimation,  grinding,  and  the  other  preparations  of 
this  colour,  are  frequently  prejudicial  to  the  heajih,  and  fometimes  expofe  the  lives  df  the 
workmen  to  inevitable  danger;  and  as  the  lofs  of  vefleU  and  the  expence  of  fuel  are  but  too 
frequently  felt  by  thofe  who  itndertake  this  fabrication  ;  it  is  evident  that  a  method  of  ob- 
taining cinnabar  fubjciS  to  none  of  thefe  inconveniences,  and  requiring  little  of  expencc 
excepting  the  firft  coft  of  the  mercury,  muft  become  truly  valuable  to  this  branch  of  in- 
duftry.  We  are  indebted  to  Mr.  Kirchoff,  a  young  chemift  of  the  greateft  hopes,  who  is 
attached  to  the  pharmaceutic  department,  for  tl\c  firft  difcovery  of  a  method  no  lefs  in- 
geotou^  than  obvioufly  of  gseat  probable  adiFantage  ta  commerce.  His  claim  in  this  refpe^ 
is  beyond  controverfy.  For,  though  cinnabar  has  been  obtained  in  the  humid  way  by 
means  of  volatile  liver  of  fulphur,  there  ne^xr  could  have  been  any  hope  of  applying  that 
method  to  the  purpofes  of  trade,  on  account  of  the  heavy  expence  of  the  re-agent.  But 
the  intermedium  ufed  by  Mr.  Kirciioff  ptomifcs,  on  the  contrary,  all  the  advantages 
which  the  moft  fcrupulous  calculation  can  require,  and,  when  brought  to  perfeftion,  will 
probably  caufe  the  method  of  fublimation  to  be  abandoned  by  all  who  may  be  deCrous 
of  engaging  in  tbi»  bnmch  o£  eommexcc,  without  expofing  th^mfelves  to  unnecefTary 
rifque. 

I  (hall  proceed  to  lay  before  thit  illuftriotzs  Society  all  the  details  of  the  procefs  of 
Mr.  Kirchoff,  as  well  as  the  inconveniences  which  have  hitherto  prefented  themfelves* 
It  is  with  great  pleafure  that  I  avail  myfelf  of  this  opportunity  of  doing  juftice  to  the 
merits  of  this  chemift,  which  have  been  hitherto  concealed  by  his  excefs  of  modefty ;  and  I 
b^jrie  annexed  to  tl>i^  memoir  tnj^omn  proper- experimentay  which  hUve  enafbled  me  to  r^ 
movct  fome  of  the  prinoip^.  difEo^ltiee  which  KirchoiFmet  with  in  Ins  work.     I  have  no 

in  CrcH's  Journal;  of  which  an  abftraft  is  inferred  in  the  fourth  volume  of  the  Annalcs  dc  Chimie,  page  15, 
Jt  is  concifely  as  follows  :  (i.)  Ethiops  mineral  is  prepared  by  combining  150  pounds  of  fulphur  with  ic8o 
pounds  of  pure  mercury,  by  a  moderate  heat,  in  a  fiat-bottomed  poliflied  iron  veflel.  2.  The  ethiops,  aftct 
(light  pulveriaation)  is  put  into  earthen  bottles^  each  cjpebie  of  containing  a' quart  of  water.  3.  Three  large  pots 
or  fublimatory  veflelf ,  msidc  of  very  pure  clay  and  fand  and'luted^  ait  then  taloeff  and  pbced  upon  iron  circlet 
over  furDaces*  conftru6ted  in  fuch  a  manner  that  the  flame  of  thefuel,  which  is  turf,  circulates  freely  round 
the  vcfifils  to  two-thirds  of  their  h«:ig)>t.  4.  When  the  veflels  are  red-hot,  a  bottle  of  the  ethiops  is  poured  into 
the  firft,  another  into  the  fccond,  and  another  into  the  third.  In  the  fubfequent  progrcfs  of  the  operation,  two, 
three,  and  perhaps  more  bottles  may  be  poured  in  at  a  time;  but  this  depend*  on  the  ftrength  of  the  inflam- 
mation exhibited  by  the  ethiops  after  its  introdnftion,  the  flame  of  which  fometimes  rifcs  to  the  height  of 
four  and  even  fix  fctt.  When  this  is  a  little  diminifiied,  the- mouth  of  the  veficl  is  covered  with  a  plate  of 
iron,  one  foot  fquare  and  an  inch  aod  a  half  thicks  which  perle6lly  cJofcs  it.  In  this  manner  during  thirty •> 
four  hours  the  whole  of  the  prepared  matter  is  introduced  into  the  three  pots ;  that)  is  to  fay,  into  each  pot  360 
pounds  of  mercury  and  50  of  fulphur.  5.  The  fire  is  then  kept  up  till  the  fublimation  is  completed,  and  after- 
wards fuflcr^  to  go  out }  which  requires  36  hours  from  the  time  of  the  complete  charge.  It  is  judged  to  have 
the  proper  intcnfity,  when,  upon  taking  off"  the  cover,  a  brilk  flame  appears,  but  does  not  rife  more  than  three 
or  four  inches  out  of  the  pot.  6.  During  the  laft  3*  hours,  the  mafs  is  ftirred  every  quarter  or  half  hour 
with  an  iron  rod.  7.  When  all  is  cold,  the  velfels  are  removed  by  means  of  the  iron  circles,  which  prevent 
their  breaking.  The  cinnabar  is  taken  out  by  breaking  the  veflfel.  Each  pot  conftantly  aflords  400  pounds  of 
cinnabar,  the  lofs  of  original  weight  in  each  being  10  pounds.  The  cinnabar  does  not  atuch  itfcif  to  the 
plates  of  iron,  becaufe  they  are  continually  taken  off"  excepting  towards  the  cnd>  when  the  veflels  arc  left  un- 
touched.   Thefe  plates  are  not  in  the  lead  corroded.    N. 
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other  claim  than  that  of  having  endeavoured  1:0  render  his  difcovery  as  ufeful  as  pbf&ble  to 
technical  chemifts.  ^ 

Mr.  Kirchoff)  who  has  operated  in  the  fmall  way  only,  gives  the  following  proportions  for 
the  produftion  of  cinnabar  in  the  humid  way : 

Three  hundred  grains  of  mercury  are  triturated  in  a  veiTel  or  cup  of  porcelain,  with 
68  grains  of  flowers  of  fulphur,  until  an  ethiops  is  accurately  produced,  in  which  no  me- 
tallic globules  caa  be  perceived  by  the  magnifier.     As  this  degree  of  union  of  the  mer- 
cury and  fulphur  cannot  be  obtained  when  both  are  perfedly  dry,  Mr.  KitchoflF  adds  a 
few  drops  of  a  folution  of  cauftic  vegetable  alkaU ;  and  when  the  union  of  the  mercury  and 
*  fulphur  is  complete,  he  adds  to  the  mixture  a   folution  of  160  grains  of  the  fame  alkali 
^  diflolved  in  an  equal  quantity  of  water.     He  heats  the  vefiel  containing  tfaefe  ingredienti 
ov£r  the  flame  of  a  candle,  and  triturates  without  interruption  during  the  heating^  with  a 
glais  peftle.    In  proportion  as^  the  liquid  evaporates,  he  adds  clear  water  from  time  to' 
time,  fo  that  the  ethiops  may  be  conftantly  covered  to  the  depth  of  near  an  inch.    For  the 
«above  quantities,  it  is  requifite  to  continue  the   trituration  nearly  two  hours;  at  the  end 
of  which  time  the  mixture  begins  to  change  from  itsi  original  black  colour   to   a- brown:, 
which  ufually  happens  when  ^  large  part  of  the  fluid  is  evaporated.     From  this  firlt  mo^ 
n>ent  the  taranQtion  from  brown  to  red  is  very  rapid*     No  more  water  is  thien  to  be  added, 
hut  the  trituration  muft  be  continued  without  intenniflion«     When  the  mafs  has  acquired 
the  confiftence  of  a  jelly,  the  red  colour  becomes  more  and  mote  bright  with  an  incredible: 
degree  of  quicknefs.    This  is  the  mod  important  point  of  time  for  the  fuccefs  of  the  opo4> 
ration.     For,  }f  the  heat  be  not  continued  long  enough,  the  colour  wiii  not  acquire  the  ut^ 
mod  degree  of  beauty-;  |nd  on  the  contrary,  if  it  be  continued  only  twofeconds  too  long, 
the  fine  red  of  the  cinnabar  paflea  as  quick  as  lightning  to  a  dirty  brown.     Mr.  SarchofF^ 
as  well  as  Mr.  Lowitz:»  who  has  repeated  his  experiments,  could  not  fucceed  in  amending' 
'this  brown  colpur ;  whiich  con&cjiientl^  renders  thefuccefs  of  the  operation  very  precari- 
ous.    Thi^  incoinvenience  is  prodlidiive  of  another ;  namely,  that  it  is  nearly  impoilible,  at 
the  inftant  of  the  prodnifbipn  of  the  colour  of  the  cinnabar,  ta  make  any  obfervation  of  the 
quality  of  the  tint.    For  the  colour  of  the  liver  of  fulphur  maiks  that  of  the  cinna^p; 
fo  that  in  fome  inftances  the   mod  beautiful  red  is  .obtttned,.and  ior  Qtherk>  a  coloMk  i 
inolining  to  orange,  whitht  though  bright,  and  vivid,  isnotthe  tinge  required  in   this^ 
produd.     In  one  of  bis  expieriments^  Mr.  Kirchoff  obtained  a  cinnabar  which  abfolutely. 
poflefled  the  colour  of  carmine ;  but  he  had  this  good  fortune  only  once^  when  he  ^  had  ' 
no  expedlation  of  fo  beautiful  a  produ£l«  and  did  not  therefore  note  the  attendant  cir- 
cumftances. 

This  is  nearly  the  whole  detail  of  the  experiments  hitherto  made  by  Mcflfrs.  Kirchoff 
and  Lowitz.  The  cinnabar  they  obtained  flill  exhibited  mercury  in  the  metallic  ilate^ 
which  it  was  rather  difficult  to  get  rid  of;  and  did  not  appear  until  after  the  filtration:  of 
the  liver  of  fulphur,  and  the  edulcoration  and  drying  of  the  vermilion*  • 

I  (hall  now  proceed  to  relate  what  I  have  done  refpefting  this  objed;  principally  with  f 
view  to  facilitate  the  manufa£i:uring  in  the  large  way, the  reftoration  of  the  cinnabar  which 
had  aflumed  a  browa  colour  inftead  of  red,  and  the  certainty  of  the  tint  in  maflcs  fome^* 
what  conGderable.     I  am  very  far  from  being  content  with  thcffuccefs  of  my  experiments ; 
but  I'thiali^  I  b^ve.at  leaft  difoovered  great  part^  the  theory  of  the  operation,  and  that  in 
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pra£lice  the  manufacturer  will  foon  difcover  the  neceflary  proportions  and  manipulations* 
I  therefore  claim  and  hope  for  the  grant  of  indulgence  in  favour  of  the  defire  I  have,  that 
the  valuable  difcovery  of  Kirchoff  may  fpeedily  become  as  ufeful  to  fociety  as  undoubtedly 
it  will  fooner  or  later  be. 

The  firft  experiment  I  made  in  fmall,  according  to  the  exaft  proportions  of  Kirchoff*» 
did  not  fucceed.  I  could  not  transform  my  ethiops  into  cinnabar.  I  attribute  this  want 
of  fuccefs  to  an  evaporation  too  rapid,  and  the  want  of  a  fufficient  quantity  of  fluid  ;  not 
having  added  water  in  proportion  as  the  mixture  became  thick,  fo  that  the  whole  foon  be- 
came perfe£ily  dry.  The  mafs  became  ftrongly  attached  to  the  china  cup,  and  con- 
ftantly  preferved  its  black  colour.  I  recommenced  the  operation  with  more  fuccefs,  and 
all  my  experiments  afforded  cinnabar  more  or  lefs  beautiful,  provided  the  mixture  at  the 
commencement  was  kept  ar  the  proper  degree  of  fluidity.  Moft.  frequently  however  I 
obtained  a  colour,  which,  though  very  brilliant,  inclined  rath^  to  yellow  than  red;  a  fault 
which  the  cinnabar  of  fublimation  poflefles  but  too  frequently,  and  is  fometimes  a  proof 
of  its  falfification.  Among  the  colours  which  I  obtained,  brown  prefented  itfelf  but  too 
frequently,  in  confequence  of  having  negle£ied  the  moment  of  terminating  the  operation* 
I  made  the  following  experiments  on  thcfe  defedive  colours  : 

After  well  edulcorating  a  cinnabar  of  this  kind,  I  poured  on  three  diflPerent  portions  :  the 
nitrous,  the  acetous,  and  the  muriatic  acids,  Thefe  were  expofed  for  feverai  hours  to  a 
mild  digefting  heat.  I  had  fuppofed  that  the  defe£^  of  the  colour  might  arife  either  from 
a  partial  reduflion  of  the  mercury,  or  partial  fuHon  of  the  fulphur,  or  perhaps  from  an 
adulteration  of  the  mercury  by  lead.  In  thefe  three  experiments,  therefore, my  aim  was  to 
diflblve  the  reduced  mercury, to  oxide  the  fulphur,  or  to  carry  off*  the  lead  by  the  acetic  acid, 
l^one  of  thefe  experiments  anfwercd  my  expeAation  ;  for,  though  part  of 'the  mercury 
was  diflfolved  and  part  of  the  fulphur  oxided,  the  colour  continued  brown.  That  with  the 
nitrous  acid  was  even  darker.    The  acetic  acid  afibrded  no  indications  of  lead. 

As  the  refult  of  thefe  experiments  (bowed  that  the  bad  colour  of  the  cinnabar  did  not 
arife  from  a  portion  of  reduced  mercury,  I  wiflied  to  know  whether  the  metal  were  not 
combined  with  too  large  a  portion  of  fulphur ;  for  which  purpofe,  I  digefted  cauflic  al- 
kali on  the  cinnabar.  The  alkaline  folution  became  yellowi(h,  and  the  colour  of  the  cin- 
nabar fomewhat  lighter,  but  was  not  a  good  red.  It  always  inclined  to  yellow ;  and  though 
it  approached  very  near  the  colour  of  common  cinnabar,  and  was  even  more  vivid,  yet  it 
was  not  red  enough. 

I  had  little  expedation  of  reftoring  the  proper  colour  and  vividnefs  to  my  damaged  cin- 
nabar. Nothing  more  remained  but  to  try  the  addition  of  mercury  to  the  brown  colour 
which  was  the  objed  of  my  refearch.  I  therefore  moiftened  near  an  ounce  and  a  half  of 
tins  colour  with  water,  then  gradually  added  near  three  ounces  of  runfning  mercury,  and 
triturated  the  whole  on  a  very  hard  Siberian  porphyry.  Contrary  to  my  expcflation,  the 
mafs,  inflead  of  becoming  black,  aflumed  the  colour  of  an  extremely  pale  cinnabar,  with- 
out the  fmalieft  degree  of  iire  or  livelinefs.  I  then  mixed  two  drams  of  the  flowers  of 
fulphur,  and  colle£ied  the  whole  in  a  porcelaioe  cup.  Upon  this  I  poured  a  folution  of  the 
cauftic  alkali,  evaporated  as  before  to  a  very  thick  confidence.  The  mixture  paffed  from 
yellow  to  an  obfcure  brown,  and  at  the  moment  of  the  thickening  a  large  quantity  of 
running  mercury  was  feen  at  the  bottom  of  the  cup.    I  added  a  ^am  and  a  half  of 
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fiilphur,  with  a  few  drops  of  water,  and  triturated  the  whole  until  the  mercury  had  entirely 
combined  with  the  reft  of  the  mixture.  I  then  added  water,  and  began  the  evaporation, 
agitating  the  mixture  continually  with  the  peftle.  The  brown  colour  began  towards  the 
end  of  the  evaporation  to  brighten,  and  at  laft  changed  to  the  colour  of  bad  fealing-wax, 
conftantly  inclining  to  brown.  Forefeeing  that  if  I  continued  the  evaporation  I  (hould 
ri(k  a  fecond  obfcuration  of  the  colour,  I  placed  the  cup  which  contained  the  mixture  on 
a  ftove  which  had  been  heated.  At  that  time  I  totally  tlefpaired  of  correfting  the 
colour  of  cinnabar  fpoiled  at  the  iirft  evaporation ;  but  having  infpedied  my  cinnabar  at 
the  end  of  two  hours,  I  faw  with  pleafure  that  the  colour  had  become  finer  as  the  mafs  be* 
came  thicker.  I  triturated  it  in  the  cup  with  the  addition  of  a  few  drops  of  water,  and 
repeated  this  operation  five  or  fix  times  in  the  courfe  of  the  day.  At  the  end  of  24  hours, 
my  cinnabar  was  very  thick  and  very  good.  I  added  more  water,  and  left  the  colour  on 
the  ftove  for  three  days  ;  at  the  end  of  which  the  cinnabar  had  acquired  the  utmoft  bril- 
liancy, and  was  equal  to  the  fineft  fpecimens  of  Mr.  Kirchoff*,  excepting  that  in  which  he 
had  obtained  a  (hade  of  carmine,  as  I  have  already  remarked.  After  repeating  this  experi* 
ment  with  fuccefs  with  one  pound  of  mercury,  thirty-five  drams  of  flowers  of  fulphur,  and 
ten  ounces  of  cauftic  alkali,  I  found  reafon  to  make  the  following  general  obfervations  upon 
-this  procefs  : 

It  is  neceflary  for  the  produAion  of  cinnabar, 

1.  That  the  mercury  fliould  be  perfedly  mixed  with  the  flowers  of  fulphur  ;  for  which 
reafon,  after  having  triturated  it  with  the  peftle  in  a  glafs  mortar,  with  the  addition  of  a 
fmall  quantity  of  cauftic  alkali  to  moiften  it,  it  muft  be  levigated  upon  porphyry,  or  fuch 
other  hard  ftone  as  cannot .  mix  its-  particles  with  thofe  of  the  cinnabar,  becaufe  every 
foreign  fubftance  is  highly  prejudicial  to  the  beauty  of  the  colour.  If  the  quantities  opc« 
rated  upon  exceed  one  pound,  it  will  be  neceflary  to  procure  a  mill  for  grinding  colours, 
which  muft  alfo  be  of  a  filiceous  ftone.  The  mixture  upon  a  levigating  ftoue  is  evidently 
teo  elpenfive  for  a  manufa£luring  procefs  in  the  large  way. 

2.  The  beft  veflels  for  evaporating  the  mixture  are  thofe  of  porcelaine,  or  the  yellow 
ware  of  England.    The  peftles  ought  to  be  glafs. 

3.  The  heat  of  a  fand-bath  is  fufiicient  to  this  operation.  The  heat  of  ebullition  is  not 
neceflary  \  but  at  the  beginning,  particularly  when  there  is  much  liquid,  the  heat  muft  ap- 
proach as  nearly  as  poflible  to  that  of  boiling. 

4.  The  receptacle  in  which  the  fand  is  placed  muft  be  deep  enough  to  admit  the  whole 
of  the  porcelaine  or  earthen  veflTel  in  which  the  cinnabar  is  produced,  to  be  plunged  there* 
in,  and  environed  by  an  equal  atmofphere  of  heat.  The  fand  round  the  veflel  need  not 
exceed  the  thicknefs  of  a  full  inch. 

5.  The  mixture  muft  be  perpetually  flirred:  othcrwife  the  mafs  will  fubfide  by  its  weight, 
and  become  clotted  \   a  circumftance  which  it  is  efTential  to  avoid. 

6.  A  certain  degree  of  thicknefs  is  requifite  during  the  operation,  in  order  to  aflx)rd  a 
good  colour ;  but  great  care  muft  be  taken  not  to  fuffer  the  mafs  to  become  too  thick^ 
and  more  particularly  the  agitation  muft  be  ftrongly  kept  up  at  thefe  periods  of  conr 
denfation. 

7;  Though  it  is  poffible  to  obtain  from  the  fand-bath  a  very  beautiful  cinnabar  which, 
may  be  immediately  edulcorated,  yet  it  is  much  more  prudent  and  advantageous  not  to 
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iiifrer  the  pr(^u£^  to  acquire  its  "svhol^.  perCeflion  on  tl\e  eraporating  furnace,  but  to  take 
it  ii>  tiDae  from  the  fand-bath,  and  leave  it  for  three  or  four  days  in  a  degree  of  heat  equal 
^  to  that  of  the  (love  of  an  apartment  after  it  has  been  heated  for  two  or  three  hours.  Care 
ipuft  be  taken  to  add  a  few  drops  of  water,  and  to  agitate  the  mixture  from  time  to  time. 
By  this  precaution,  the  difagreeable  event  of  feeing  the  colour  pafs  from  red  to  yellow,.anA 
often  to  brown,  is  avoided,  as  well  as  the  fubfequent  labour  and  expence  of  trituration  with 
mercury,  and  additional  liver  of  fulphur. 

8*  Before  the  cinnabar  is  edulcorated,  it  maybe  left  to  become aln^oft  perfefllj  dry  by 
the  heat  of  the  ftove  ;  by  which  means  the  colour  will  acquire  the  mod  brilliant  tint. 

After  this  account  of  the  produ£lion  of  cinnabar  in  the  humid  way,  I  (hall  fpeak  of  the 
*edulcoration  and  drying  of  this  colour,  which  have  prefented  phenomena  of  the  greatefl: 
importance  \o  the  fabrication  in  the  large  way,  and  are  alone  fufficient  to  fecure  real  ad« 
vantages  to  the  fpeculqtor  in  this  article* 

Having  obtained  ten  ounces  of  cinnabar,  I  poured  twenty  pounds  of  boiling  water  upon 
it  in  a  large  earthen  jar,  for  the  purpofe  of  difengaging  the  liver  of  fulphur.  At  that  mo* 
'  ment  the  liquid  was  obfcured  and  became  abfolutely  black.  I  flightly  agitated  the  mixture. 
The  cinnabar  very  fpeedily  fell  to  the  bottdm,  and  permitted  me  to  decant  this  black  li- 
quor, of  which  I  (hall  hereafter  fpeak.  After  havings  poured  other  water  upon  the  cinna- 
bar, which  was  confiderably  beautiful,  it  acquired  a  flight  yellow  colour.  After  the 
fettling  of  the  colour,  I  decanted  it,  and  continued  to  edulcorate  until  the  decanted  water 
had  neither  the  faline  fulphureous  tafte,  nor  hepatic  fmell. 

When  I  had  poured. for  the  laft  time  five  or  fix  pounds  of  boiling  water  on  my  colour, 
I  agitated  it  ftrongly,  apd  poured  it  out  into  a  veflel  of  cryftal  glals.  A  plentiful  dcpofftion 
of  colour  was*  made  in  an  inftant.  It  was  not  bad,  but  did  not  pofiefs  the  brilliancy  of  the 
particles  which  floated  in  the  water  above  this  depofition.  I  agitated  the  water  very 
flfghfly,  that  it  might  become  more  highly  charged  with  colouring,  matter,  but  not  fo  much 
aS*  entirely  to  derange  the  mafs  which  had  fubfided.  I  rapidly  decanted  the  liquid  part  into 
another  veflel.  The  mod  denfe  portion  remained  at  the  bottpm,  and  on  the  fides  of  the 
firft  glafs,  ?ind  was  of  a  very  beautiful^colour.  I  repeated  this  waftiing  four  times  with  the 
fame  precautions,  taking  care  always  to  pour  the  liquid  p^rt  haftily  into  another  veflel. 
The  refidue  of  the  laft  wafhing  was  entirely  brown,  and  the  tints  of  my  cinnabar  were  beau- 
tiful in  the  fame  order  as  I  had  obfervcd  in  the  decantation.  That  is  to  fay,,  the  colour  in  the 
firft  veflTel  was  more  brilliant  and  lefs  deep  than  in  the  fecond,  and  fo  of  tlie  others.  This 
experiment  ftiowed  not  only  that  waftiing  adds  to  the  beauty  pf  the  cinnabar  obtained  by 
the  procefs  of  Kirchofi^,  but  that  it  is  pofllble,  more  efpecially  in  works  on  a  large  fcale,  to 
obtain  a  great  variety  of  tints  by  mixture,  without  admitting  any  foreign  colour  or  ma-^ 
terial. 

After  having  thus  obtained-  different  cinnabars  by  waftiing,  I  dried  th^pi,  on  a  furnace 
flightly  heated,  and  found  them  more  or  lefs  deep,  but  generally  very  good.  They  did  not, 
however,  poflcfs  the  fire  of  fuch  cinnabars  as  inclined  to  a  yellow  colour.  I  put  thefe  co- 
lours into  capfules  of  paper,  and  left  them  for  fome  days  on  the  fame  ftove,  which  had 
continued  to  be  regularly  heated*.  At  the  end  of  this  time,  upon  opening  my  papers  it 
appeared  to  me  that  the  colour  was  improved^  and  had  in  partic>ilar  become  m9re  lively 
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than  on  the  firft  day.  In  order  to  afcertain  whether  this  phenomenon  was  owing  to  fimple  ^ 
drying,  or  to  heat,  I  placed  a  pinch  of  the  lighted  colour  on  a  fmall  piece  of  glafs,  which 
I  heatedvcr.y  ftrorigly  with  a  candle.  I  then  enjoyed  ^  very  beatitiful  fight,  of  which  the 
refult  gave  me  the  greateft  pleafure.  The  powder  of  cinnabar  became  brown  in  an  inftanr, 
and  foon  afterwards  nearly  black,  or  rather  of  the  deepeft  violet  grey ;  but  when,  on  the 
fuppofition  that  I  had  fpoiled  my  cinnabar,  I  threw  it  from  the  glafs  upon  a  paper,  I  Was 
very  argreeabty  ftifprifed  to  obfervc  it  in  the  twinkling  of  aii  eye  pafs  tlirough  all  the  tranfi- 
lions  from  obfcore  violet  to  a  beautiful  cdmiine  rep,  attd  to  obferve  more  particularly  that 
diis  colour  had  acquired  the  fire  and  brifliancy  which  wa^  watiting  before  the  experiment; 
As  an  objeft  of  corhparifon,  I  had  fome  cinnabar  of  cdmiherce,  of  which  the  pond,  of  forty 
pounds  (Ruffian),  is  fold  at  Peterlburgh  for  eighty  roiibres.  Iput  a  pinch  of  this  on  the  fame 
flip  of  glafii,  and  fubjcftcd  it  to  the  fame  treatment.  The  colour  fpeedHy  became  black, 
andj  after  cOblingi  acquired  a  very  bad  d^^p  blrown  tinge,  refeitiblfn'g  untber  of-a  bad  quality, 
without  recovering  ibi  original  red.  1  repeited  thisf  ei^perimctit  in  a  larger  way  with  the 
Gtatk  fuccef&,'aiidb^  thatmean^  afcertained  a  method  of  giving  in  general  much  brilHahc]^ 
to  my  cinnabar,  and  of  producing  the  moft  brilliant  carmine  tint.  This  heat,  which  muft 
be  very  ftt^ng,  requires,  neverthelefs,  to  be  condudied  with  much  prudence.  The  cinna« 
bar  mu(^  not  fiime,  nor  exhibit  grey  globules  on  its  furface  ;  for  in  thefe  cafes  it  would  be 
effeAu^lly  fp'Oiled.  This  phenomenon  feems  to  prove  a  decompofitiqn  and  abforption  of 
air;  but  it  remaifls  to  be  ihown  whether  it  be  hydrogene',  03tygeney  or  azote,  which  the  cin- 
xiabiir  tak^  Up  in  this  experiment. 

Thefe  donClitute  the  moft  eflential  fafts  I  have  obferVed  with  regard  to  the  produ£lion 
of  cinnabar  ill  the  humid  way.  I  intend,  when  time  permits,  to  give  a  continuation  o(  this 
memoir.  I  have  already  made  fome  new  experimente.  Which,  though  they  may  not  yet 
promife  any  advantage  to  the  manufaAurer  in  the  large  way,  may  be  ufeful  to  the  painter 
and  intereftin^  to  the  cheniift.  ' 

The  black  liquor  which  I  at  firft  decanted  from  my  cinnabat,  depofited  a  fmall  portion 
of  ethiops,  not  furcompofed.  I  muft  add  iti  cohclufion,  that  the  manufacturer  in  the  large 
way  muft  of  courfe  fubmit  his  colour  to  feveral  elutriations,  colleft  the  dcpofitions  in  fipve- 
ral  veflils,  ^nd  afterwards  mix  his  colours  when  dried.  It  would  be  likewife  neceflary  for 
the  finer  forts,  to  provide  a  furnace,  in  which  either  the  carmine  colour  or  the  requifite  fire 
and  briiliaifcy  may  be  given.  A  furnace  of  this  kind  may  very  eafily  be  contrived,  and  it : 
would  be  unneceflafy  to  defcribe  its  coiiltruAion  in  this  place.  It  is  my  wifti,  that  the  fo- 
ciety  to  whom  I  have  the  honour  to  addrefs  the  prefent  memoir  will  conCder  it  as  a  proof 
of  my  refpeift  and  gratitude.  By  admitting  me  into  the  number  of  its  members,  a  new 
proof  is  afforded  of  its  indulgence  to  the  weakeft  eiForts  in  favour  of  the  fciences  and  na- 
tural hiftory.  The  excellent  difcovery  of  Mt.  Kir chofF  has  led  me  to  afcertain  fome  new 
fafts,  of  which  I  am  defirous  that  comniercefhould  have  the  advantage;  but  the  honour  of 
the  difcovery  belongs  to  him,  and  deferves  to  be  the  more  ifififted  on,  as  his  modefty  is'no  . 
lefs  confpicuous  than  his  knowledge. 
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.T  the  time  when  the  principles  of  the  new  theory  were  newly  difcufTed,  the  enqairie$ 
of  chemifts  were  ^em  ployed  upon  fome  of  its  chief  aflertions.  Befides  examining  the  expe- 
riments that  metallic  oxyds  do  emit  oxygen  gas  during  their  redu^on,  attention  was  alfo 
paid  to  another,  by  which  it  was  obferved,  that  the  combuftipn  of  bodies  in  oxygen 
gas  is  always  accompanied  by  a  total  abforption. 

Mr.  Goettling,  who  exerted  his  induftry  on  fuch  experiments,  made  ufeof  the  apparatus 
he  employed  in  feveral  experiments  of  the  fame  nature.  He  accidentally  obferved,  that 
the  phofphorus  continues  to  (hine  for  fome  time  in  the  azotic  gas,  wUch  remains  after  its 
combuftion  in  atmofpheric  air.  What  he  principally  obferves  on  this  head  is,  that  phof- 
phorus (hines  very  ftrongly  in  azotic  gas,  even  more  fo  than  in  atmofpherical  air;  that  it 
is  converted  into  phofphoric  acid  by  this  procefs  ;  and  that  the  azotic  gas  totally  difappears. 
Hence  he  was  led  to  infer,  that  azotic  gas  muft  contain  oxygen,  as  well  as  the  oxygen  gas 
itfelf  does. — But  if  fo,  what  is  the  difference  between  thefe  two  fpecies  of  gas  ?  This 
queftion  was  apparently  folved  by  another  experiment  he  made.  Phofphorus  does  not 
fiiine  fo  well  in  oxygen  gas  at  a  low  temperature,  as  it  does  in  the  azotic ;  and  when  phof« 
jphorus  gives  light  in  atmofpherical  air,  it  is  always  with  extrication  of  heat ;  whereas  the 
light  is  not  attended  with  heat  in  azotic  gas.  He  concludes  therefore,  that  the  azotic  gas 
confifts  bf  oxygen  combined  with  light,  in  the  fame  manner  as,  on  the  other  hand,  the 
oxygen  gas  confids  of  that  principle  combined  with  caloric ;  and  moreover  that  caloric  has 
a  ftronger  affinity  to  oxygen  than  light  has. — On  this  Mr.  Goettling  builds  an  entirely  new 
theory  of  chemiftry,  from  the  confideration  that  the  new  mixture  of  azotic  gas,  which  he 
pretends  to  have  difcovered,  does  not  admit  of  the  hitherto  adopted  way  of  explaining  its 

influence^ 

Mr.  Goettling  has  explained  thefe  fads  at  large  in  his  Beytrag  zur  Berichtigung  der  anti* 
phlogiftifchen  Chemie.  Weimar  1794.  This  work  was  univerfally  well  received,  and  fome 
were  inclined  to  give  it  full  credit  without  further  examination.  Mr.  Goettling  himfelf  has 
publicly  explained  his  new  theory,  and  adapted  the  whole  of  his  chemical  le£lures  to  that 
'  fyftem.  A  few  phiiofophers  only  ventured  to  offisr  their  doubts  concerning  it.  Among 
thefe  are  Dr.Eimbke;  Int'eUigenzblat  der  allg,  litt.  Zeit.  1794,  No.  92,  and  Yclin;  Er/ang. 
gel,  Zeis.  1794,  No.  80.  The  former  obferved,  that  when  phofphorus  had  ceafed  to  (hine  in 
atmofpheric  air,  it  would  afford  no  more  light  in  the  remaining  azotic  gas.  The  fecond 
found,  that  phofphorus,  after  undergoing  a  very  long  continued  heat  in  atmofpherical  air, 
does  alio  leave  behind  an^'riform  reCdue,  in  which  the  phofphorus  will  by  no  means 
{hine  any  longer. 

At  this  time  1  had  commenced  a  public  courfe  of  lefturcs  on  Chemiflry.  I  therefore 
tliought  myfclf  obliged  to  make  new  enquiries  for  the  purpofe  of  giving  an  impartial  ac* 
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CeJtrtVt  6f  tMs  tt&^Sfconrerj ;  tmt  to  avoid  being  led  into  error  by  individual  obfervattoniy 
its  VfretJtf^riVty  tli\c  rafc' Vith  experiments,  I  joined  Dr.  Jaeger  from  Stuttgard,  who  was 
juft'tbefiXS fifing  mc  on  a  jourHejr.  We  made  a  great  number  of  eKpcriments  together^ 
wfrtdi  vipc  endeaybured  to  diTcrfify  in  every  pofliblc  manner,  in  order  to  difcover  all  the 
66nefirrcnt  cWcnmftanccs.  In  the  Jem.  gel,  Z(it.  1794,  No.  113,  we  pubiiOicd  a  (hort 
ticcount  of  one  t)ftbe  cHcf  occurrences;  but  the  f ull  dcfcriptioii  of  the  refults  from  our  in- 
veltigtitionB  Tome  time  after  was  gitcn  in  the  following  book,  Uber  das  Leuchtcn  des 
rhofhhors  im  dtmofpienfchm  Stickgds.  Weimar  1795.  To  this  work  we  have  added  ano- 
tihcf  tncatife  on  Goctdhig's  theory  by  Dr.  PfafF. 

The  chief  aim  of  this  enquiry  was  to  {hew  by  decifive  experiments,  whether  ph&fphorus 
^M  tetMygtve  light  inazotib  gaSy  and  whether  it  be  totally  decompofed  by  it  ?  Neither  of  thefc 
two  ^rt  eoufid  mid  by  any  procefs  of  operation.  We  made  comparative  experiments  over 
water  a^  o<rer  qukkfi^verj  and  clearly  perceived  that  Mr.  Goettling,  having  clofed  his 
Vi^tlels  nnierdy  by  water,  coaU  not  avoid  a  fource  of  error.  We  fpared  no  exertions  to 
in veftigate  as  exa^ly  as  poffible-  die  methqd  of  preparing  iazotic  gas,  and  by  that  means 
difcovered  a  variety  of  interefting  circumftances.  We  always  found  that  the  fumes  of 
phojphoreous  acid^  rifing  by  a  momentary  cbmb>u(lk>n  of  phofphorus  inatinofpherical  air,  did 
io  far  envelope  tlie  remaining  portion. of  oxygen,  that  the  luminous  appearance  from  the 
wiion  of  this  with  another  part  of  the  phofphorus  could  not  be  again  produced  until  the 
water  had  abforbed  the  acid  fumes.  We  always  found  however  that  this  light  was  of, 
(hort  duratioo,  accompairied  hj  a  very  inconfiderable  diminution  of  the  elaftic  fluid,  and 
that  it  was  altogether  impolEble  to  caufe  the  phofphorus  to  emit  any  more  light  in  the  re* 
maining  air.  On  this  account  we  had  every  reafon  to  confider  this  as  pure  azotic  gas, 
and  to  declare  thofe  experiments  of  Mr.  Goettling  iacorre£k,  from  which  the  combuftioa 
of  phofphorus  was  faid  to  take  place  in  the  purefi  azotic  gas. 

To  all  this  Mr.  Goettling  made  no  neply,  iexcept  thst  he  ga*re  an  anfwer  in  the  hitelH^ 
germU.  der  aligim.  Uterat.  2jaU  17949'  No.  1 17^  to  our  £tft  very  ihort  notice,  tending  to 
place  the^whble  inveftigation  in'an  unfavourable  point  of  view.  Of  our  trcatife,  though 
printed  above  two  years  ago,  he  has  not  yet  taken  any  notice. 

Soon  afterwards  Mr.  Girtanner  took  fome  pains  to  explsun  the  refult  of  Mr.  Goettling*s 
experiments,  Ibid.  1795)  No.  23,  by  fuppofing  the  azotic  gas  employed  had  contained 
fome  water,  which  was  decompofed  by  the  phofphorust  He  did  not,  however,  take  the 
trouble  to  afcertaln  by  experiments,  whether  phofphorus  does  really  give  light  in  azptic 
gas  thoroughly  freed  from  oxygen.  Mr.  Goettling  replied  jto  this,  by  ailed jing,  that  if 
the  water  which  exifts  diflblved  in  the  gafes  were  the  caufe  of  this  light,  the  phofphorus 
ought  alfo  to  emit  light  in  oxygen  gas,  which  according  to  his  experiments  did  tiot  take 
place.  Ibid.  No.  27*  He  afterwards  publiflied  a  more  ample  elucidation  of  the  ihovt  an- 
fwer here  related  in  the  Almanach  fuer  Scheide  Kuenftler^  I795,,ai]erting  that  the  luminous 
appearance  of  phofphorus  could  not  be  obtained  in  an  azotic  gaf,  which  had  been  pro- 
cured by  a  long  continued  heating  of  the  phofphorus  in  atmofpheric  air,  becaufe  In  that 
cafe  the  phofphorus  mixes  with  the  azotic  gas,  and  prevents  it  from  maintaining  the  light. 
He  added,  that  the  gas  thus  circumftanced  is  found  to  recover  this  property  by  adding  a 
few  drops  of  an  acid.  But  he  was  by  no  means  aware  that  his  obfervation  contained  a 
very  important  obje£tion  againft  his  own  theory.  For  ify  according  to  that  theory,  azotic 
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gas  be  really  a  compound  of  oxygen  and  light,  why  (hould  the  phofphoruS)  on  being  mixed 
with  it,  ceafe  to  aft  on  its  oxygen  ?  Ought  it  not  rather  to  do  this  more  fpeedily  when 
the  coheGon  of  its  parts  is  deilroyed  ?  Befides  which, -the  addition  of  acids  is  not  fair^ 
becaufe  more  acid  than  is  neceflfary  to  faturace  the  phofphorus  diflblved  in  it,  may  in  this 
way  become  united  with  the  azotic  gas.  Thus  I  have  found  that  the  phofphorus^  which 
does  not  (hine  in  pure  carbonic  acid  gas,  begins  to  give  light  in  that  medium  as  foon  as  a 
fmall  portion  of  acid  is  added.  The  anfwer  given  by  Dr.  Jaeger  was  more  explicit.  He 
difcovered  in  particular,  that  the  volume  of  the  azotic  gas  was  never  diminiihcd  when  the 
luminous  appearance  of  the  phofphorus  was  reproduced  by  means  of  acids*  .  Grerfs  Neua 
Journal  der  Phyfik.  B.  II.     " 

It  was  not  long  after,  that  Profeffor  Lampadius  publifhed  bis  experiments  on  this  fulv . 
jed.  At  firft  he  feemed  to  find  every  thing  exa£lly  as  defcribed  by  Mr.  Goettling,  Ibid. 
B.  I. ;  but  foon  afterwards  he  made  the  interefting  difcovery,  that  by  a  careful  decompoC- 
tion  of  atmofpherical  air,  by  means  of  nitrous  gas,  azotip  gas  may  be  procured,  fo  free 
from  oxygen,  that  phofphorus  cannot  be  made  to  (hine  in  it.  Sammlung  pra5l.  chennfch^ 
Jbbandl.  B.I. 

Profeflbr  Hildebrandt  repeated  Mr. Goettling's  experiments  with  the  greateft  care.  CreWs 
AnnaL  1 796,  B.  I.  Thefe  experiments  are,  no  ^oubt,  the  moft  exaft  of  any  that  were 
made  for  this  purpofe.  He  has  perfeftly  confirmed  our  experiments.  He  has  proved 
this  beyond  all  queftion,  by  feveral  experiments,  of  which  I  (hall  mention  but  one. — In 
the  fame  azotic  gas  in  which  phofphorus  had  ceafed  to  (hine,  and  fre(h  phofphorus  would 
not  afibrd  light,  the  luQiinous  appearance  took  place  as  foon  as  oxygen  gas  was  added.  But 
this  lafted  no  longer  than  till  the  latter  was  confumed ;  for  there  was  precifely  as  much 
of  the  whole  volume  of  the  mixture  abforbed,  as  made  up  the  quantity  of  the  oxygen  gas 
that  was  added. 

There  are  feveral  well  known'papers  on  this  fubje£l,  in  the  Annates  di  Cbinuey  written  by^ 
French  chemifts  \  but  none  of  their  authors  have  paid  the  leaft  attention  to  what  has  been 
tranfa£led  on  this  matter :  a  circumftance  which  I  have  thought  proper  to  be  mentioned 
in  this  place.  But  they  have  added  the  important  fadl,  that  phofphorus  is  foiuble  in 
azotic  gas.  Probably  they  had  no  intelligence  of  what  has  been  written  about  it  in  Ger- 
many ;  and  as  this  appears  to  me  to  be  the  cafe  with  England,  I  confidefred  it  of  feme  im- 
portance,  to  give  the  (horteft  poflible  view  of  the  chief  points  of  thefe  tran£a£lions.  I 
have  endeavoured  to  give  a  nK)re  ample  detail  of  all  the  particular  fads,  as  far  as  they 
were  known  down  toOdober  1796,  in  a  work  of  mine,  equally  unknown  in  this  country: 
Uachtraige  zu  den  Grunzuegen  der  neuern  chemifihen  Tbeorie,  pag.  326 — 349,  iiJ  which  the 
whole  extent  of  thefe  enquiries  may  be  feen  with  greater  eafe  by  the  fyftematical  arrange- 
ment of  the  experiments.  It  is  to  be  hoped  that  the  difpute  will  end  here,  and  that  the 
fa£is,  (I.)  that  no  fhining  of  the  phofphorus  can  in  any  rcfpeSt  take  place  in  fuch  azotic  gas 
as  is  quite  free  of  oxygen,  and  (2.)  that  it  cannot  be  made  to  (hine  unlefs  fome  other  body  be 
added  wUch  is  capable  of  afibrding  oxygen^— will  be  admitted  as  mcontrovertibly  eftablifhed. 

LoNDON^iv*.  27,  1798* 
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III. 

On  Jif.  tAZOIVSKl^S  new  Jiaronieter^  or  Weather  Injlrument.     By  a  Correfpondent, 

To  Mr,  Nicholson,  Editor  of  the  Philofofhical  Journal. 
Sir,  Kendal^  Jan.  3r,   1798. 

X  H  E  following  experimental  cflay  is  too  trifling  to'  require  an  introductory  apology, 
were  it  not  for  the  high  njme  of  Dr.  Hutton>  which  unavoidably  occurs  in  the  courfc  of  it, 
as  the  fubjedl  of  the  prcfent  communication  was  firft  fuggeftcd  by  a  paragraph  in  his  Ma- 
thematical and  Philofophical  Didionary,  publifhed  in  1795. 

When  any  thing  new  in  fciencc  is  announced,  it  ought  to  be  made  public  as  generally  and  as 
fpeedily  as  poffible.  In  this  refpeft  Dr.  Hutton  has  only  done  his  duty  as  a  compiler,  in  bring- 
ing the  Englifli  reader  acquainted  with  the  fuppofed  difcovery  of  a  new  inftrument  capable  of 
indicating  approaching  changes  of  the  weather.  On  the  other  hand,  when  any  thing  novel  is 
communicated  to  the  lovers  of  fcience,  it  is  the  bufincfs  and  undoubted  right  of  every 
friend  to  enquiry,  not  ro  receive  the  propofal  on  bare  authority,  but  to  fubjeft  it  to  the 
teft  of  argument  and  experiment,  in  order  to  eilablifh  it  as  a  fa£l,  or  refute  it  as  an  error. 

Having  premifed  thus  much  in  my  own  vindication,  I  will  in  the  next  place  tranfcribe 
the  paragraph  alluded  to  above.  **  To  the  foregoing  may  be  added  a  new  fort  of  Baro- 
meter,  or  Weather  Inftrument,  by  the  found  of  a  wire.  This  is  mentioned  by  M. 
Lazowfki,  in  his  Tour  through  Switzerland  :  it  is  as  yet  but  in  an  imperfeft  (late,  and  was 
lately  difcovcred  thereby  accident.  It  feems  that  a  clergyman,  though  near-fighted,  often 
amufed  himfclf  with  firing  at  a  mark,  and  contrived  to  ftretch  a  wire  fo  as  to  draw  the 
mark  to  him  to  fee  how  he  had  timed.  He  obferved  that  the  wire  fometimcs  founded 
as  if  it  vibrated  like  a  mufical  cord  ;  and  that  after  fuch  foundings,  a  change  always  enfued- 
in  the  ftate  of  the  atmofphere,  from  whence  he  came  to  prcdidl  rain,  or  fine  wea- 
ther, &c.«" 

After  perufing  this  fingular  narrative,  I  found  myfelf  at  a  lofs  in  attempting  to  refer  the 
difcovery  to  any  known  clafs  of  phenomena,  or  to  explain  it  by.  the  afFeftions  of  the 
atmofphere,  confidered  as  depending  on  the  barometer,  eleftricity,  or  even  the  hygrometer, 
without  admitting  a  fuppofition,  which  is  not  difcouncenanced  by  the  preceding  report,  viz. 
that  one  end  of  the  wire  was  fixed  to  a  frame  of  wood,  while  the  other  end  was  ftretched 
over  a  nail  or  metal  pin  in  the  fame  by  a  weight.  Under  thefe  circumftances,  it  appeared 
not  impoffible,  that  the  wood-work  might  contrafl  and  expand  from  fucceflive  variations  in 
the  air's  humidity,  thereby  putting  the  pin  in  motion,  which  may  be  fuppofed  to  fcratch 
the  wire,  and  give  rife  to  the  found  in  queftion.  But  with  a  view  to  afccrtain  if  a  vibratory 
motion  can  be  excited  in  metallic  firings  by  any  other  change  in  the  ftate  of  the  atmofphere, 
I  fixed  -a  number  of  copper  and  iron  wires,  in  the  beginning  of  April  1795,  '"  ^"  open 
place :  they  were  diflPerent  lengths,  from  three  to  fix  feet,  and  of  different  diameters, 
varying  from  the  thicknefs  of  a  fine  thread  to  the  fize  of  a  fmall  cord ;  they  were  all 
ftretched  by  metal  pins,  refembling  thofe  ufcd  in  aharpfichord,  and  fo  difpofed  as  to  make 
varioujs  angles  with  the  meridian  and  the  horizon.    The  apparatus,  being  thus  completed, 

'■*  See  Hutton's  Dittionary,  article  Barometer, 
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was  carefully  attended  to  through  the  fummer,  particularly  when  the  afpe£l  of  the  fkj 
and  (late  of  the  barometer  feemed  to  prcdifl  an  approaching  change  ;  but  the  enquiry  was 
fruitlefsy  the  promifed  found  was  never  heard;  nor  did^ any  other  circumftance  worthy 
notice  occur,  except  that  fome  of  the  fmalleft  wires  fnapped  occafionally  in  the  cold  nights 
of  the  fpring.  The  failure  of  this  experiment  feems  to  confirm  the  fuppofition  that  M. 
Lazowflci's  inftrument  is  at  bed  but  an  imperfeft  Hygrometer,  and  that  it  does  not  promife 
any  new  difcovery  relative  to  the  properties  or  compofition  of  the  atmofpherc  *.       J.  G. 


IV. 

Obpirvations  on  Scylla  and  Charybdis  t-     By  the  Jhjfi  LazZARO  &FJLLJLdNZANl^  ProfeJJir  of 

Natural Hijory  at  PaviayF.R.S.   i^c.  isTc. 

OCTLLA  and  Charybdis,  according  to  the  fables  of  the  poets,  are  two  fea  mongers 
whofe  dreadful  jaws  are  continually  diftended  to  fwallow  unhappy  mariners ;  the  one 
fituated  on  the  rights  and  the  other  on  the  left  extremity  of  the  Strait  of  Medina,  where 
Sicily  fronts  Italy. 

Dextrum  Scylla  latus,  Ixvnm  implacata  Charybdis 
Obfidet :  atque  imo  barathri  ter  gurgite  vaftos 

"^iThc  palTage  in  Dr.  Hutton*s  Di£lionary  will  admit  of  the  fcafc^  that  the  obfcrver  {who  perhaps  never 
t<y>k  notice  of  hU  wire,  except  when  bulled  in  the  amufement  there  mentioned)  did  not  hear  any  fpontaoeous 
found,  but  merely  perceived  a  mufical  vibration  at  certain  times  during  the  aft  of  drawing 'the  mark  along 
the  wire,  which  muft  have  agitited  it.  This  might  arife  from  tenfion,  by  fomc  hygrometric  change  in  the 
fituation  of  the  points  of  fupport.  It  may  be  remarked,  that  a  wir*  for  the  ufa  the  clergyman,  applied  it  to 
muft  have  been  much  longer  than  fix  feet ;  and  that  it  wai  probably  ie£i  ftretchod  than  the  wires  expofed  by 
my  corrcfpondeat. 

,  If  the  founds  were  fpontaneous,  the  fa£t  will  be  referable  to  the  Eolian  harp  of  Merfcnnus,  fincc  re-invented 
by  Ofwald.  The  indrument  coofifts  of  a  (bunding  board  about  two  feet  or  more  in  length,  upon  which  tea 
i>r  twelve  (catgut)  firings  of  equal  length  but  different  thicknefs  are  tuned  in  unifon,  at  as  low  a  pitch  as  the 
fmalleft  of  the  ftrings  can  bear.  When  this  is  placed  in  a  current  of  air,  fuch  for  example  as  pafles  through  a 
window  partly  opened,  it  emits  a  variety  of  contemporaneous  and  fucceflive  tones,  which  from  theiF  dianges 
in  melody,  harmony,  and  fwell*  and  a  certain  wild  ftrangcneit  in  the  whole  effeft,  rivet  the  attention,  and 
fometimes  afford  cxquifite  pleafure.  -The  Eolian  harp  has  been  celebrated  by  Thorn foa  and  other  poets.'  I 
have  not  made  experiments  to  analyfe  its  mode  of  operation ;  but  am  difpofed  to  think,  ( i )  that  it  can  only 
give  the  trumpet  notes  ;  (&)  that  the  note  to  be  affiirded  by  any  one  firing  depends  on  the  quantity  of  the 
impulfe  of  the  wind  being  greatefl  near  one  end  of  that  firing;  (3)  that  the  fame  quantity  and  direction  of 
impulfe  will  agitate  a  longer  portion  of  the  (lack  fmall  firing  than  of  the  tenfer  thick  firing,  fo  that  in  the 
vibratory  fubdivifions  the  fmaller  firing  will  give  the  graver  tone ;,  (4)  that  a  powerful  tone  drawn  finro  one 
ftring  may  difpofe  the  other  firings  to  vibrate  unifons,  fifths^  thirds^  octaves,  and  other  concords,  more  or  lefs 
lemote  according  to  the  circumllances. 

If  M.  Lazowiki^s  wire  aaed  upon  the  principle  of  the  Eolian  harp,  it  might  be  prefumed  that  the  recurrence 
as  well  as  the  nature  of  the  found  emitted  would  be  governed  by  the  force  and  angle  of  dirc6lion  of  the  wind ; 
and,  if  fo,  much  would  depend  on  the  expofure  the  dire^ion  and  the  tenfion  of  the  wire.  Whether  on  this 
fuppofition  it  could  aflford  any  more  certain  indication  of  approaching  change  of  weather,  than  is  ufually  ob- 
tained from  a  (imple  obPcrvation  by  the  wind  vane,  muft  be  decided  by  fadts,  if  fuch  (hould  hereafter  appear.     N. 

t  Travels  in  the  Two  Sicilie*.    Englifli  Tranfl.  IV.  168. 

I  Sorbet 
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Sorbet  in  abruptum  flu£lu8,  rnrfufque  fab  auras 
^  Erigit  alternosj  et  fidera  verbemt  und^. 
At  Scyllam  csecis  cohibet  fpelunca  latebris^ 
Ora  exertantem,  et  naves  in  faxa  trahentem. 
Prima  hominis  facies,  et  pulchro  pe£iore_  virgo 
Pube  tenus :  poftrema  immant  corpqre  pridisy 
Delphin&mcaudas  utero  commifla  luporum. 

Vi&G.^£neid.  Lib.  III. 

Far  on  the  right  her  dogs  foul  Scylla  hides  : 

Charybdis  roaring  on  the  left  prefides^ 

And  in  her  greedy  whirlpool  fucks  the  tides. 

Then  fpouts  them  from  below :  with  fury  driy  n 

The  waves  mount  up^>  ajtid  wafli  the  face  of  heav'n.  ^ 

But  Scylla  from  her  den  with  open  jaws 

The  fmking  veffel  in  her  eddy  draws. 

Then  dalhes  oa  the  rocks.  A  human  face 

And  virgin  bofom  hide  her  tail's  difgrace  ; 

Her  parts  obfcene  below  the  waves  defcend 

With  dogs  enclosed,  and  in  a  dolphin  end.  Drtdem. 

I  have  no  difficulty  in  availing  myfelf  of  the  defcription  of  a  poet  in  a  work  dedicated  to 
the  inveftigation  of  ttuth,  .nor  fhali  I  hefitate  to  cite  fimilar  paflages  from  another  poet  *r 
fince,  however  exaggerated  thefe  may  be  by  the  glowing  colours  of  imagination)  they  con* 
tain  truth,  and  afford  a  fubje£t  for  interefUng  enquiries. 

I  fliould  have  thought  myfelf  to  have  merited  the  greateft  ceaafurci  if,  when  I  was  in  the 
ftrait  of  Meffina,  I  had  not  vifited  two  places  of  which  fo  much  has  been  written,  and  which 
have  been  rendered  fo  famous  by  the  numerous  ihipwrecks  they  have  occafioned. 

I  firft  proceeded  in  a  fmall  boat  to  Scylla*  This  is  a  lofty  rock,  diftant  twelve  miles 
from  Meffina,  which  rifes  almoft  perpendicularly  from  the  lea  on  the  (hore  of  Calabria,  and 
beyond  which  is  the  fmall  city  of  the  fame  name.  Though  there  was  fcarcely  any  wind,  I 
began  to  hear,  two  miles  before  I  came  to  the  rock,  a  murmur  and  noife  like  a  confufed 
barking  of  dogs,  and,  on  a  nearer  approach,  readily  difcovered  the  caufe.  This  rock,  in  its 
lower  parts,  cont^ns  a  number  of  caverns,  one  of  the  largeft  of  which  is  called  by  the  peo- 
ple there  Dragara*,  The  waves,  when  in  the  leaft  agitated,  rufliing  into  thefe  caverns, 
break,  da(h,  throw  up  frothy  bubbles,  and  thus  occafion  thefe  various  and  multiplied 
fbunds.  I  then  peiQelved  with  how  much  truth  and  refembbnce  of  nature  Homef  and 
Viigil,  in  their  peribnifications  of  Scylla,  had  pourtrayed  this  fcene,  by  defcribing  thei 
monfteir  they  drew  as  lurking  in  the  darknefs  of  a  vaft  cavern,  furr<>uiided  by  ravenous 
basking  maftiffs,  toge^r  with  wolves  to  increaie  the  horror  : 

Tn^  utoi  fmn  /ifiy  oon  atuOiOf^  UorM$ 

Tivficu.  Hoid^Odi^XU. 

Here 
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Here  Scylla  bellows  from  her  dire  abodesi 
Tremendous  peft  !  abhorr'd  by  man  and  gods ! 
Hideous  her  voice,  and  with  lefs  terrors  roar 
The  whelps  of  lions  in  the  midnight  hour !  Pope. 

The  Greek  poet,  when  he  pourtrays  the  rock  which  is  the  habitation  of  Scylla,  finifhci 
the  pifture  higher  than  the  Latin,  by  reprefenting  it  as  fo  lofty  that  its  fummit  is  conti- 
nually wrapped  in  the  clouds,  and  fo  deep,  fmooth  and  llippery,  that  no  mortal  could  af- 
ccnd  it,  tliough  he  had  twenty  hands  and  twenty  feet. 

*Oi  is  }(/«  ffWJTtXoii  ojxev  oufavov  tupvv  ucavti 
O^Eiti  Ho^u^fiy  vsf  ex>i  iff  fjuv  ofM^iCsCme 
Ki/av£n«  TO  /xfv  owjtot*  £f«€i,  ouhvor'  ai^pn 
Kblvou  ix^i  *ofvf  nv,  ovr*  tv  $£f  fi  oi/t*  ty  o^offit. 

IIeI/?*!  yap  Mi  en  ve^tii^n  Eixvia.  -    HoM.  Odyffl  XII. 

High  in  the" air  the  rock  its  fummit  (hrouds 

In  brooding  tempefts  and  in  rolling  clouds  ; 

Loud  (lorms  around  and  mifts  eternal  rife, 

Beat  its  bleak  brow  and  intercept  the  (kies. 

When  all  the  broad  expanfion,  bright  with  day, 

Glows  with  th'  autumnal  or  the  fummer  ray  ; 

The  fummer  and  the  autumn  glow  in  vain. 

The  iky  for  ever  low'rs,  for  ever  clouds  remain. 

Impervious  to  the  ftep  of  man  it  (landB, 

Though  borne  by  twenty  feet,  though  arm*d  with  twenty  hands. 

Smooth  as  the  polifli  of  the  mirror  rife 

The  flippery  fides,  and  (hoot  into  the  ikies.  Pofe. 

Such,  three  thoufand  years  ago,'  or  nearly  fo,  appeared  the  rock  of  Scylla,  according  |o 
the  obfervation  of  Homer  ;  and  fuch  is  nearly  its  appearance  at  this  day. 

The  accuracy  of  this  truly  **  firft  great  painter  of  antiquity,"  which  has  likewife  been  oU 
fcrved  by  fcientific  travellers  in  other  defcriptions  which  he  has  given,  fliews  that  the  level 
of  the  waters  of  the  fea  wag  at  that  time  at  nearly  the  fame  height  as  at  prefent,  fince,  had 
it  funk  only  a  few  fathom,  it  muft  have  left  the  foot  of  the  rock,  which,  according  to  ray 
obfervations,  is  not  very  deep,  entirely  dry.  And  this  I  confider  as  one  among  fevcral  ilrong 
arguments,  that  the  moft  remarkable  finkings  of  the  fea  are  anterior  to  the  time  of  Homer. 

Such  is  the  fituation  and  appearance  of  Scylla :  let  us  now  confider  the  danger  it  occa- 
Cons  to  mariners.  Though  the  tide  is  almoft  imperceptible  in  the  open  parts  of  the  Medi. 
terranean,  it  is  very'ftrong  in  the  ftrait  of  Medina,  in  confequencc  of  the  narrownefs  of  the 

channel, 
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channdy  and  U  regulated,  as  in  other  places,  by  the  periodical  eleyatlons  and  deprcflion 
of  the  water.  Where  the  flow  or  current  is  accompanied  bj  a  wind  blowing  the  fame 
way,  veflels  have  nothing  to  fear,  (ince  they  either  do  not  enter  the  ftrait,  both  the  wind  and 
the  ftream  oppofing  them,  but  ca(l  anchor  at  the  entrsmce  $  or,  if  both  are  favourablci  en- 
ter on  full  fail,  and  pafs  through  with  fuch  rapidity  that  they  feem  to  fly  over  the  water. 
But  when  the  current  runs  from  fouth  to  north,  and  the  north  wind  blows  hard  at  the 
fame  time,  the  (hip  which  expedied  eafily  to  ps(fs  the  ftrait  with  the  wind  in  its  ftern,  on 
its  entering  the  channel  is  refifted  by  the  oppofite  current,  and,  impelled  by  two  forces  ia 
contrary  directions,  is  at  length  daflied  on  the  rock  ofScylla,  or  driven  on  the  neighbouring 
fands  \  unlefs  the  pilot  fliali  apply  for  the  fuccour  neceflary  for  his  prefervation.  For,  to 
give  afliftance  in  cafe  of  fuch  accidents,  four*and- twenty  of  the  ftrongeft,  boldeft  and  moft 
experienced  failors,  well  acquainted  with  the  place,  are  ftationed  night  and  day  along  the 
fliore  of  Meflina ;  who,  at  the  report  of  guns  fired  as  fignals  c^  diftrefsfrom  any  vefTel,  haf- 
ten  to  its  afliftance,  and  tow  it  with  t)ne  of  their  light  boats.  The  current,  where  it  is 
ftrongeft,  does  not  extend  over  the  whole  ftrait,  but  winds  through  it  in  intricate  meanders, 
with  the  courfe  of  which  thefe  men  are  perfedily  acquainted,  and  are  thus  able  to  guide 
the  fliip  in  fuch  a  manner  as  to  avoid  it.  Should  the  pilot,  however,  confiding  in  his  owa 
flcill,  contemn  or  negle<£l  this  affiftance,  however  great  his  ability  or  experience,  he  would 
run  the  moft  imminent  rifk  of  being  (hipwrecked.  In  this  agitation  and  conflict  of  the 
waters,  forced  one  way  by  the  current,  and  driven  in  a  contrary  diredlion  by  the  wind,  it  is 
ufelefs  to  throw  the  line  to  difcover  the  depth  of  the  bottom,  the  violence  of  the  current 
frequently  carrying  the  lead  almoft  on  the  furface  of  the  water.  The  ftrongeft  cables, 
though  fome  feet  in  circumference,  break  like  fmall  cords.  Should  two  or  three  anchors 
be  thrown  out,  the  bottom  is  fo  rocky  that  they. either  take  no  hold,  or,  if  they  (hould,  are 
foon  loofened  by  the  violence  of  the  waves.  Eve^  expedient  afibrded  by  the  art  of  navi- 
gation, though  it  might  fucceed  in  (aving  a  fliip  in  other  parts  of  the  Mediterranean,  or 
even  the  tremendous  ocean,  is  ufelefs  here.  The  only  means  of  avoiding  being  dafhed 
againft  the  rocks  or  driven  upon  the  fands  in  the  midft  of  this  furious  conteft  of  the  winds 
and  waves,  is  to  have  recoucfe  to  the  (kill  and  courage  of  thefe  Meflinefe  feamen. 

In  proof  of  the  truth  of  this  aflertion,  I  might  adduce  many  inftances  related  to  me  by 
perfons  deferving  of  credit.  But  I  was  myfelf  an  cye-witnefs  to  the  fituation  of  a  trading 
veflel  from  Marfeilles,  which  had  one  day  entered  the  Strait  by  the  mouth  on  the  north 
fide,  at  the  time  that  i  was  on  a  hill  looking  towards  the  fea.  The  current,  and  a  north 
wind  which  then  blew  ftrong,  being  both  in  its  favour,  the  veflcl  proceeded  under  full  fail 
into,  and  had  pafled  one  half  of  the  Strait,  when,  on  a  fudden,  the  (ky  became  overcaft 
with  thick  clouds,  and  violent  gufts  of  wind  arofe,  which  in  an  inltant  changed  the  direc- 
tion of  the  current,  and  turned  up  the  fea  from  its  bottom.  The  mariners  had  fcarcely 
time  to  hand  the  fails,  while  the  furibus  waves'  broke  over  the  (hip  on  every  (idc.  Whether 
diey  merely  followed  the  pradiice  ufual  with  (hips  in  diftrefs,  or  whether  they  were  ac- 
quainted with  the  laudable  cuftom  of  the  Meifinefe,  I  cannot  (ay ;  but  they  fired  two  guns ; 
immediately  upon  which  one  of  the  barks  employed  on  this  fervice  haftened  to  the  affift-^ 
ance  of  the  diftrefled  veflel,  and,  taking  it  in  tow,  began  to  make^ every  exertion  to  carry  it 
fafely  into  the  harbour. 

If  I  had  feen  with  fear  and  (huddering  the  danger  of  the  failors  on  board  the  vefTel,. 

which 
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wliich  I  espedttd  erety  moment  would  be  f wallowed  up  in  tfac  'wovei  ^  I  beheU  wkli 
wonder  and  pleafure  the  addrc&  and  bravery  of  the  Meflinefis  mariaers,  who  had  under- 
taken to  ftecr  fafcly  through  fo  ftormy  a  fea  the  fliip  entrudod  to  thck  care.  They  exui- 
cated  it  from  the  current,  which  impelled  it  towards  de(lrud.ton  ;«ohanged  the  hehn  to  this 
fide,  or  to  that;  reefed  or  fet  the  fails,  as  the  wind  increafed,  or  abated ^  avoided  the 
impetuous  (hocks  of  the  waves,  by  meeting  them  with  the  prow,  or  pppoGng  to  them  the 
tide,  as  either  method  appeared  mo«i  proper  to  break  their  violence^  and  by  thefe  and  other  * 
manoeuvres,  which  I  am  unable  to  ddTcribe,  thefe  brav;e  mariners,  amid  this  cjreadiul  con- 
fli£l  of  the  fea  and  the  wind,  fucceeded  in  their  undertaking,  and  brought  the  veiiel  fafe 
into  the  harbour. 

But  enoo^  of  Scylla : — we  will  now  proceed  to  Charybdis.  This  is  Gtuated,  within  the 
Strait,  in  that  part  of  the  fea  which  lies  between  a  proje&ion  of  land  named  Punta  &€C£a^ 
and  another  projedion  on  which  ftands  the  tower  called  Lanterrta^  or  the  light-houfe,  a 
light  being  placed  at  its  top  to  guide  veiTds  which  may  enter  the  harbour  by  night. 

On  confiilting  the  authors  who  have  written  of  Charybdis,  we  find  that  they  all  fuppofed 
it  to  be  a  whirlpool.  The  firft  who  has  ailerted  this  is  Homer,  who  has.  reprefented  Cha* 
rybdis  as  a  monfler^  which  4Jiree  times  in  a  day  drinks  up  the  water^  4md  three  times  vomit« 
it  fortlu 

AfiiKoy.  HoM.  Odyfl:  XIL 

Beneath  Charybdis  holds  Tier  boifterousTeign 
''Midft  roaring  whirlpools,  and  abfoibs  the  main ; 
Thrice  in  her  gulphs  the  boiling  feas  fubfide, 
Thrice  in  dire  thunders  (he  refunds  the  tide.        PbPE. 

The  defcription  of  Virgil  above  cited,  differs  from  that  of  Homer  only  in  'placing  a  deep 
^Iph  below*  Strabo,  Ifidoros,  Tzetzes,  Hefychius,  Didymus,  EuAathius,  &c.  repeat  the 
fame.  The  Count  de  Bufibn  adopts  the  idea  of  Homer  in  full  confidence,  and  places 
Charybdis  among  the  mod  celebrated  whirlpools  of  the  fea.  '*  Charybdis,  in  the  ilrait  of 
Meifina,  abforbs  and  rejeds  the  water  three  times  in  twenty-four  hours  ^."  Strabo  tells 
us,  that  the  fragments  of  (hips  fwallowed  up  in  this  whir^ool  are  carried  by  the  current 
to  the  fhore  of  Tauromenium  (the  prefent  Taormina)  thirty  miles  diftant  from  Charybdisf. 
In  confirmation  of  this  tradition,  an  amufing  though  tragical  anecdote  is  related  of  one 
•Colas,  a  MefGnean  diver,  who,  from  being  able  to  remain  a  long  time  undor  water,  had 
acquired  the  furname  of  Pifce  (the  fi(h}.  It  is  reported  that  Frederic^  king  of  Sicily,  com- 
ing to  MeiEna  puxpofdy  to  fee  him,  made  tiial  of  his  abilities  with  a  cruel  kind  of  liberality^ 
by  throwing  a  golden  cup  into  Charybdis,  which  if  he  brought  up  was  to  be  the  reward 
cof  his  refolution  and  dexterity.  The  hardy  diver,  after  having  twice  aftoniflied  the  fpec- 
tators  by  remaining  under  water  a  prodigious  length  of  time,  when  he  plunged  the  third 
time  appeared  no  more;  but,  fome  days  after,  his  body  was  found  on  the  coaft^  near 
Taormina. 

•  Buffon,  Hift.  Nat.  tom.ii.  in  iimo. 
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'^x^.  Modern  State  of  Charyhdis.  I  j 

From  the  authorities  here  adduced,  it  is  evident  that  Charybdis  has  hitherto  been  con- 
fidered  as  a  real  whirlpool,  by  both  ancient  and  modern  travellers  who  have  given  any  ac- 
count of  it.     ' 

As  I  was  therefore  fo  near  to  this  celebrated  place,  I  determined  to  endeavour  to  afcer- 
tain,  if  poflible,  what  it  really  is.  It  is  diftant  from  the  (here  of  Mellina  about  feven  hun- 
dred and  fifty  feet,  and  is  called  by  the  people  of  the  country  Calofaro^  not  from  the  agita- 
tion of  the  waves  as  fome  have  fuppofed,  but  from  «a^o;  and  <pa^o^  \  that  is,  the  beautiful 
towerj  from  the  light-houfe  eredled  near  it  for  the  guidance  of  velFels.  The  phenomenon 
of  the  Calofaro  is  obfervable  when  the  current  is  defcending  5  for,  when  the  current  fets  in 
from  the  north,  the  pilots  call  it  the  defcending  rema*^  or  current ;  and  when  it  runs  from  the 
fouth,  the  afcending  retna.  The  current  afcends  or  defcends  at  the  rifing  or  fetting  of  the 
moon,  and  continues  for  fix  hours.  In  the  interval  between  each  afcent  or  defcent,  there 
is  a  calm  which  lafts  at  lead  a  quarter  of  an  hour,  but  not  longer  than  an  hour.  After- 
wards, at  the  rifing  or  fetting  of  the  moon,  the  current  enters  from  the  north,  making 
various  angles  of  incidence  with  the  (liore,  and  at  length  reaches  the  Calofaro.  This 
delay  fometlmes  continues  two  hours.  Sometimes  it  immediately  falls  into  the  Calofaro, 
and  then  experience  has  taught  that  it  is  a  certain  token  of  bad  weather. 

As  I  was  aflured  by  the  pilots  mod  experienced  in  this  praflical  knowledge,  that  there 
was  no  danger  in  vifiting  the  Calofaro,  1  refolved  to  avail  myfelf  of  the  opportunity.  The 
bark  in  which  I  made  the  excurfion  was  managed  by  four  expert  mariners,  who,  perceiving 
me  fomevi'hat  intimidated  as  I  approached  the  place,  encouraged  me,  and  afTured  me  they 
would  give  me  a  very  near  view  of  the  Calofaro,  and  even  carry  me  into  it  without  the 
lead  danger. ' 

V/hen  I  obferved  Charybdis  from  the  fhore,  it  appeared  like  a  group  of  tumultuous  wa- 
ters ;  which  group,  as  I  approached,  became  more  extenfive  and  more  agitated.  I  was 
carried  to  the  edge,  where  I  dopped  fome  time  to  make  the  requifite  obfervations,  and  was 
then  convinced  beyond  the  fliadow  of  a  doubt,  that  what  I  faw  was  by  no  means  a  vortex, 
or  whirlpool. 

Hydrologids  teach  us,  that  by  a  whirlpool  in  a  running  water  we  arfc  to  underdand 
that  circular  courfe  which  it  takes  in  certain  circumdances  ;  and  that  this  courfe,  or  revo- 
lution, generates  in  the  middle  a  hollow  inverted  cone,  of  a  greater  or  lefs  depth,  the  inter- 
nal fides  of  which  have  a  fpiral  motion.  But  I  perceived  nothing  of  this  kind  in  the 
Calofaro.  Its  revolving  motion  was  circumfcribed  to  a  circle  of  at  mod  an  hundred  feet 
in  diameter  ;  within  which  limits  there  was  no  incurvation  of  any  kind,  nor  vertiginous 
motion,  but  an  inccflant  undulation  of  agitated  waters  which  rofe,  fell,  beat,  and  daflied  on 
tfach  other.  Yet  thefe  irregular  motions  were  fo  far  placid,  that  nothing  was  to  be  feared 
in  pafllng  over  the  fpot,  which  I  did  ;  though  our  little  bark  rocked  very  much  from  the 
continual  agitation,  fo  that  we  were  obliged  condantly  to  malce  ufe  of  our  oars  to  prevent 
its  being  driven  out  of  the  Calofaro.  I  threw  fubdances  of  different  kinds  into  the  dream. 
Such  as  were  fpecifically  heavier  than  the  water  funk,  and  appeared  no  more  5  thofe  which 

♦  1  have  obferved  that  at  Mcflrina,as  well  as  in  other  parts  of  Sicily,  words  of  the  Greek  language,  wliich  was 
once  that  of  this  ifland,  arc  flill  retained.  Thus  the  word  rema  derived  from  fcvjUA,  a  flowipg,  or  ftream,  is 
ufcd  to  fignify  the  current  of  this  (Irait. 

Vol.  II.— April  1798.  D  were 
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were  lighter  remained  on  tlic  furfacc,  but  were  foon  driven  out  of  the  revolving  circle  by 
the  agitation  of  the  water. 

Though  from  thcfe  obfcrvations  I  was  convinced  that  there  was  no  gulph  under  the 
Calofaro)  as  othcrwife  there  would  have  been  a  whirlpool,  which  would  have  carried  down 
into  it  the  floating  fubftances  \  I  determined  to  found  the  bottom  with  the  plummet,  and 
found  its  greatefV  depth  did  not  exceed  five  hundred  feet.  I  was  Ukewife  informed,  to  my 
HO  fmall  furprife,  that  beyond  the  Calofaro,  towards  the  middle  of  the  ftrait,  the  depth 
was  double* 

I  could  not  therefore  but  conclude  from  thcfe  fafls,  that  at  that  time  there  was  no 
whirlpool  in  Charybdis.  I  fay  at  that  timcy  fince  the  cafe  might  be  very  different  when  the . 
fea  was  tempeftuo)is.  I  therefore  made  enquiry  relative  to  this  of  the  pilots,  thofe,  efpe- 
eially,  who,  from  their  tried  experience,  were  appointed  by  the  public  to  give  aflTiftance  in 
ftorms  to  foreign  vefTels,  and  who  had  frequently  feen  Charybdis  in  its  greateft  fory.  The 
following  is  the  fubftance  of  the  anfwers  they  gave  me : 

When  the  current  and  the  wind  are  contrary  to  each  other,  and  both  in  their  greateft 
violence,  efpecially  when  the  fcilocco,  or  fputh  wind,  blows ;  the  fwelfing  and  dafhing  of 
the  waves  within  the  Calofaro  is  much  flronger,^  more  impetuous,  and  more  extenfive.  It. 
then  contains  three  or  four  fmall  whirlpools,  or  even  more,  according  to  the  greatnefs  of 
its  extent  and  violence.  If,  at  this  time^  fmall  vcflels  are  driven  into  the  Calofaro  by  the 
current,  or  the  wind,  they  are  feen  to  whirl  round,  rock,  and  plunge  ;  but  are  never  drawn- 
down  into  the  vortex.  They  only  fink  when  filled  with  water,  by  the  waves  beating  over 
them.  When  vefTels  of  a  larger  fize  are  forced  into  it,  whatever  wind  diey  have  they  cannot 
extricate  themfelves ;.  their  fails  are  ufelefs  \  and  after  having  been  for  fome  time  tofled 
about  by  the  waves,  if  they  are  not  aflifted  by  the  pilots  of  the  country,  who  know  how  to 
bring  them  out  of  the  courfe  of  the  current,  they  arc  furioufly  driven  upon  the  neighbour- 
ing fhore  of  the  Lantcma,  where  they  are  wrecked,  and  the  greater'part  of  their  crews 
perifh  in  the  waves  •• 

If  we  confider  maturely  thefe  fails,  we  (hall  find  that  a  great  part  of  what  has  been 
written  relative  to  Charybdis  is  very  erroneous.  We  have  feen  how  many  authors,  from 
Homer  to  the  prefent  time,  have  defcribed  it  as  a  real  whirlpool,  or  great  gulph  revolving  in 
itfqlf,  within  the  circumference  of  which  (hould  any  fhip  enter,  it  is  immediately  drawn 
to  the  centre  and  fwallowed  up.  When  the  current  is  dying  amy,  or  when  there  is  no 
current,  this  defcription  has  no  rcfemblaiice  to  truth.  Chai7bdis  iis  then  perfedly  inno- 
cent, as  I  have  been  lully  convinced  by  my  own  obfcrvations  j  and  even  when  it  is  agitated 

•  The  following  account  of  the  (hipwrcck  of  a  veflel  in  th«  Calofaro  wac  fcnt  mc,  after  my  return  frooi 
Sicily,  by  the  Abbarc  Granofroro  MefHoa  : 

•<  About  three  weeks  ago,  wc  were  fpc£lators  pf  the  finking  of  a  Neapolitan  polacca  in  the  Calofaro,  on  it» 
paffaga  from  Poglia,  laden  with  com.  A  mod  violent  fouth-eafterly  wind  blew,  and  the  vcffd,  with  ail  fails 
fet,  endeavoured  to  reach  the  harbour,  tending  oflF  from  the  Calofaro;  but  the  head  of  the  current  from  the 
entrance  by  the  faro  took  her,  and  drew  her  impetuoufly  into  it ;  where,  without  being  able  to  make  ufe  of 
her  fails,  ihe  remained  for  fome  time  toffed  about  by  the  waves,  which  at  length,  either  breaking  over  her  or 
opening  her  fides  by  their  furious  beating,  fent  her  to  the  bottom.  The  crew,  however,  and  a  part  of  the  cargo 
'  were  faved  by  the  fpeedy  affiftance  given  by  our  mariners  in  two  fmall  barks,  who  had  the  courage  to  encounter 
the  danger.  You  will  perceive  from  this,  in  what  manner  the  waves  may  fuik  ibips  in  Charybdis,  without  the 
MceiTity  of  fuppofmg  a  whirlpool." 

and' 
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.and  dangerous^  It  ftiU  contains  no  iocayation,  or  gulph  of  the  nalufe  of  a^prtex ;  but 
merely  a  ftrong  agitation  and  daftiing  of  its  waves,  which  produces  thofc  fmall  whirlings 
oi  its  waters,  which  are  only  accidental  and  not  to  be  feared.  So  far  likewife  is  Charybdis 
from  drawing  to  icfelf  and /wallowing  veflelS|.that  it  rather  repels  them,  and  throws  them 
to  a  diftance. 

This  erro|[  has  arifen  like  many  others  with  refpcft  to  the  produdipns  of  nature^ 
Homer,  in  relating  the  voyage  of  Ulyffes  through  the  Strait  of  Mcffina,  was  the  firft  who 
defcribed  Charybdis  as  an  ioomenfe  yortex,  which  abforbs  ^d  reje£ts  the  water,  and  the 
fhips  that  approach  it ;  exemplifying  his  account  by  the  fate  of  fome  of  the  companion^ 
of  his  hero,  who  were  carried  away  by  the  whirlpool.  The  writers  who  came  after  him, 
whether  poets,  orators,  hidorians,  or  geographers,  have  followed  him  in  this  defcrlption, 
without  any  one  of  them  taking  the  pains  ta  repair  to  the  place  and  examine  it  himfelf 
Even  Fazello  the  Sicilian,  who  was  fo  induftrious  in  afccrtaining  fadis,  and  whofe  accounts 
of  his  country  arc  fo  accurate,  clearly,  (hews  in  his  defcrlption  of  Charybdis,  that  he  had 
never  obferved  it  himfelf;  and  concludes  his  narration  with  the  erroneous  fuppofition 
above  cited,  that  the  things  fwallowed  up  by  Charybdis  are  conveyed  by  fubmariae  currents 
to  the  fhores  of  Taormina. 

Among  all  who  have  written  on  this  fubje£l;,  we  only  find  Cluverius  who  feems,  at 
^(l  at  £rft  new,  tohaite  viiitcd  the  place.     I  (hall  tranfQriJbe  his  words : 

^<  £go  fane,  ^umi  Charybdis  nqfcend^  gratia  aliqupt  4ies  )Me(r4nx  Xubfifterem,  et  ab 
hominibus  e}ua  lQci,.aiapLinie  YeTPn&utis,nonSiculismQdo,.fc^  et  Pelgis,  Britai[ini8  etGallis^ 
•tqui  hoc.fret\ipi4?vyiViCnt^.nairigant,  diligentius  cam  rem  fcUcitarer,  nihil  onmind^  cei;d 
4pris  pcrdi(cere  j^^ui}  a^eo  fcilicet  totum  negotium  omnibus  obfpuxum  etjncogniti^n  erat. 
Tandem  tAmen^r^p^riCbarjtbdim,  qu^  incoUs,  patriis  voj[;^buUs,  dicitur  Calofaro,  (fub  prae^- 
4i^.^'Meflancnfem.pprjtum  pharo  dlTeniaxe  ri^pide  fliij!Q.s,..atqu^  in  vortices  afSum :  quod 
4ion  Tfii  tsr'  if/^i  ut  tcadit  Homerus,  id  ^{Stjipffd/ir  d^bus  /^r^.abfpiibct  ingeQti  guigite,  toro- 
mitque  gquas,  fed.qwptie«Tchen>cntiQri:fluau  fre^um  <;9W»WUt."  • 

^<  I,rematpcd.f9fQe  days  at  Medina,  with  a  view  to  obtain  foirtCinfo^n^^ion.r^ative^O 

;Chacyb4^i  .but  though  I  made  c;yery  enquiry  .pf  the  people  .of  tl^e.p^ffce,  and  p;rincipalJ7 

^thefailprs,  npt  the  Sicilian  pxily,  {mt  the  Italian,  Q|itch,,]^glifh,  s^nd^l^repcb,  who  fye* 

quently  navigate  that  Strait,;!  could  learn  nothing;fati9fa<S^pry,.falittle.vi^^S:knq^|ibj  thepi 

x>a  the  fttbje4^.    At  length:  howjever  I  found  Charybdis,  which  the  Datives  call  Gsj/jj^ro^ 

under  the  lighthoufe; before  mentioned.near.  the  harbour,  .to  be. a  fea  rapidly .  flo^iog,  j^d 

.forming .vortices,   itt  doesnot  abforhthe  waters* in. its  vaft  ^ulph,  god.  reje^. them  t^i 

in.a  <^^,  as iHomer. tells  ua ;  .but  as  often  as  the  fea  runs  high  in  the^trait*" 

From  the  expreffion  ^<  I  found  Charybdis"  we  might  b.e  induced  to..belieTCj:.^bat;iie 
made  his  obfervations  on  the  fppt.  It  is  certain  howpver  that  he  does  npt  explicitly  tell 
US  fo :  and  when  treating  of  a  phenomenon,  of  which  he  was  fo  anxious  to  obtam  an 
accurate  knowledge,  which  he  could  not  procure  even  from .  the  McflSnefe  failors,  it  is 
ftrongly  to  be  prefumed,  that  he  would  not  have  fuppreflcd.a  circumftance  of  that  import- 
ance.  As  Charybdis  may  be  feen  from  the  (hore,  if  he  only  went  thither  and  turned  his 
;ey^.  tC)w^^  it,  J Jiie  anight  w^.  f  ruth,  ^rt  fi^h^t^  fee  .had,t<ftfcp.YPreid  jt.  .-  T^he.  ptfepr  adjunas 
.i^l?i^W.C0H^,j$h?t<^b^^sis  M^W,j85?r,:%p4^^fUt,s|b(Q^fes  M^^^y?^  *c  wat^r  in 

D  a  aftorm^ 
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a  ftorm,  convince  me  that  he  had  not  a  juft  idea  of  it,  but  fatisficd  himfelf  with  the  old 
tradition  concerning  Charybdis. 

It  may  be  obFerrcd,  that  the  fituation  of  Charybdis,  as  it  has  been  hitherto  defcribed, 
docs  not  exaftly  agree  with  that  affigned  it  by. Homer.  Let  us  refer  to  the  poet.  The 
goddefs  Circe  gives  the  following  direftions  to  Ulyfles,  with  refpeft  to  the  navigation  of 
the  Strait  oMVlelTma  : 

*0i  &  ^vu)  fmyjfsXoi,  *o  [lev  ovpavoy  ev^vv  lytavei  .  .  . 
Toy  ^  ktepoy  g'ko^sXov  xfiocfjuakurrepoy  o^st  O^vccsv, 
IlAijo'icy  aWYjXujv,  %ai  xev  ^totrevasioc^. 
.  Tcu  $*6v  epivsos  effXi  y^y^g  ^vXoLCi  reQrfXwg, 
Toy  ^*  viro  $ta.  Xaovthg  avappoi^hi  iuXolv  v$wp,  HoM.  Odyfll  XI L 

High  o'er  the  main  two  rocks  exalt  their  brow  •  .  • 
Clofe  by,  a  rock  of  lefs  enormous  height 
Breaks  the  wild  waves,  and  forms  a  dangerous  ftreight ; 
Full  on  its  crown  a  fig's  green  branches  rife, 
*       And  (hoot  a  leafv  foreft  to  the  ikies: 

Beneath,  Charybdis  holds  her  boifterous  reign 

'Midft  roaring  whirlpools,  and  abforbs  the  main*        Pops* 

The  firft  of  the  rocks  here  mentioned  by  Homer  is  Scylla,  which  he  defcribes  at  length; 
and  near  the  other,  according  to  this  poet,  Charybdis  is  fituated.  The  diftance  from  one 
of  thefe  rocks  to  the  other  is  an  arrow *s  flight,  mcu  unf  iiotnufftiaii  which  does  not  at  all 
accord  with  the  prefent  fituation  of  Scylla.  How  are  we  to  explain  this  difagreement  ? 
Shall  we  fay  that  Homer,  availing  himfelf  of  the  licence  in  which  poets  are  indulged,  has 
Tpoken  hyperbolically  ?  I  know  not  whether  the  connoifleurs  in  poetry  will  permit  fuch  a 
licence.  Or  fhall  we  fuppofe  that  Charybdis  was  once  much  nearer  to  Scylla ;  but  that  in 
a  long  feries  of  ages  it  has  changed  its  place,  and  removed  under  Meflina  ?  Such  a  fuggeftion 
might,  perhaps,  be  favourably  received,  if  in  remote  times  any  confiderable  change  had 
•  taken  place  in  the  Strait :  but  we  know  not  of  any ;  and  it  is  not  probable,  that  a  change 
fo  remarkable  as  the  removal  of  Charybdis  from  its  place  would  have  been  pafled  over  in 
filence  by  Sicilian  writers.  Within  the  prefent  century,  it  is  true,  this  Strait,  of  which  fo 
much  has  been  faid,  has  become  narrower ;  but  at  the  fame  time  we  know,  that  lon^ 
before  this  event  Charybdis  was  fituated  where  it  is  at  prefent.  The  ancient  and  un- 
interrupted tradition  of  the  Meflinefe  refpe£ling  this  fa£i:  is  confirmed  by  the  authority  of 
the  moft  celebrated  Italian,  Latin,  and  Greek  writers.  Fazello  tells  us,  <<  Charybdis  ex 
parte  Siciliae  paulo  fupra  Meflanam."  ^*  Charybdis  is  fituated  on  the  fide  of  Sicily,  a  little 
beyond  Meffina."— Ovid'fays, 

**  Hinc  ego  dum  muter,  vel  me  Zanclaea  Charybdis 
"  Dcvoret  !'* 

**  Let  dire  Charybdis  in  Zanclaean  feas^ 
"  Devour  me  if  I  change  !** 

And  it  is  well  known  that  Zancle  waa  the  ancient  name  of  Meffana,  now  Meffina. 
Tzctzes  in  Lycophron  fays,  'H  Xof wCftj  wtpi  Mz^nm  «n.    ^  Charybdis  is  fituated  near  Mef- 
fina." 
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fina."  Strabo  Hkewire,  after  having  mentioned  MeiEnai  proceeds^  Htunurcu  uou  Xot^vCiiSj 
(juxpov  vpo  Tijf  voxeufj  Bv  T«  'vopdfjua.  **  Charybdis  is  fecn  in  the  ftrait  a  little  before  we  reach 
the  city.'*     Several  other  virriters  might  be  cited  to  the  fame  purpofe. 

From  all  thefe  rcafons  and  hiftorical  teflimonies  we  mull  then  conclude  that  Homer  was 
not  exa£l  with  refpcfl  to  the  fituation  of  Charybdis ;  nor  can  it  be  a  great  offence  to  fay, 
that  in  this  paffage  of  his  long  poem  he  has  certainly  nodded.  The  accuracy  of  feveral  of 
his  defcriptions  of  various  places  in  Sicily  cannot  be  denied.  It  is  fuch  that  we  muft  ei- 
ther fuppofe  that  he  had  him felf  travelled  in  thofe  parts,  as  is  the  opinion  of  many  ;  or  at 
leaft  chat  he  had  procured  very  faithful  and  circumftantial  information  from  others.  Of 
this  the  rQcks  of  Scylla  are  an  example.  But,  as  to  the  fuppofed  whirlpool  of  Charybdis, 
and  its  fituation,  I  think  we  may  venture  to  affirm  he  never  faw  it  himfelf,  and  that  the 
accounts  he  had  received  of  it  led  him  into  error. 

We  will  now  enquire  what  foundation  there  is  for  the  faying,  which  became  pro- 
verbial, that  "  he  who  endeavours  to  avoid  Charybdis  daflies'upon  Scylla  ;"  and  which 
was  applied  by  the  ancients  to  thofe  who,  while  they  fought  to  (hun  one  evil,  fell  into  a 
worfc. 

On  thisfubje£l  I  likewife  made  enquiries  of  the  Meffinefe  pilots ^bovementioned,  and  to 
what  better  matters  could  I  apply  for  the  elucidation  of  fuch  a  proverb  ?  They  told  me  that 
this  misfortune,  though  not  always,  yet  frequently  happens,  unlefs -proper  meafures  are 
taken  in  time  to  prevent  it.  If  a  fliip  be  extricated  from  the  fury  of  Charybdis,  and  car- 
ried by  a  ftrong  foutherly  wind  along  the  ftrait  towards  the  northern  entrance,  it  will  pafs 
out  fafely  ;  but  flibuld  it  meet  with  a  wind  in  a  nearly  oppofite  direftion,  It  would  become 
the  fport  of  both  thefe  winds,  and,  unable  to  advance  or  recede,  be  driven  in  a  middle 
courfe  between  their  two  direftions,  that  is  to  fay,  full  upon  the  rock  of  Scylla,  if  it  be 
not  immediately  affifted  by  the  pilots.  They  added,  that  in  thefe  hurricanes  a  land  wind 
frequently  rifes,  which  dcfcendsfrom  a  narrow  pafs  in  Calabria,  and  i»creafes  the  force 
with  which  the  (hip  is  impelled  towards  the  rock. 

Before  I  began  to  write  on  Scylla  and  Charybdis,  I  perufed  the  greater  part  of'the  an- 
cient authors  who  have  written  on  the  fubjeft.  I  obfervc  that  they  almoft  all  reprefent 
thefe  difaftrous  places  in  the  moft  gloomy  and  terrifying  colours,  as  continually  the  fcene 
of  tempefts  and  fliipwrecks.  Thefe  terrors  and  this  deftru£lion,  however,  they  are  far  from 
exhibiting  in  the  prefent  times,  it  rarely  happening  that  any  (hips  are  loft  in  this  channel, 
either  becaufe  their  pilots  poflefs  the  knowledge  requifite  for  their  prefervation,  or-becaufc 
they  apply  for  the  neceffary  affiftance.  Whence  then  arifes  this  great  difference  between  an- 
cient times  and  the  prefent  ?  Can  we  fuppofe  that  Scylla  and  Charybdis  have  changed  their 
nature,  and  become  lefs  dangerous  ?  With  refpeft  to  the  former,Vc  haye  feen  that  this  hy- 
pothefis  is  contradi£led  by  fail ;  Scylla  ftill  remaining  fuch  as  It  was  in  the  time  of  Homer: 
and  with  regard  to  the  latter,  from  the  Strait  of  Meffma  becoming  narrower,  Charybdis. 
muft  be  at  prefent  more  to  be  feared  than  formerly,  as  it  is  well  known  that  an  arm,  chan- 
nel, or  ftrait  of  the  fea  is  the  more  dangerous  in  proportion  as  it  is  narrow.  I  am  rather  of 
opinion  that  this  difference  arifes  from  the  improvement  of  the  art  of  navigation,  which 
formerly,  in  its  infancy,  dared  not  launch  into  the  open  fea,  but  only  creep  along  the  fhorc 
as  if  holding  it  with  its  hand. 

Alter 
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Alter  remtis  dquas,  alter  tibi  radat  arenas, 
Tutus  eris  ;  medio  mascima  t^ba  mari. 

Propert.  Lib.  ni. 

To  fhun  the  dangers  of  the  ocean,  fwecp 
The  fands  with  one  oar,  and  with  one  the  deep. 

But  time,  fludy,  and  experience  have  rendered  her  more  mature,  better  informed,  and  more 
courageous ;  fo  that  (he  can  now  pafs  the  widcft  feas,  brave  the  moft  violent  ten^ipcfts,  and 
iaughatthc  fears  of  her  childhood. 

To  exemplify  andfupport  the  probability  of  this  opinion,  it  will  not  be  neceflary  to  recur 
to  the  early  and  rude  ages  ;  much  more  modern  times  will.furnifh  us  with  fufficient  proofs. 
That  part  of  the  Adriatic,  which  feparates  Venice  from  Rovigno  in  Iftria,  is  certainly  not 
the  moft  propitious  fea  to  navigators.     The  danger  of  being  hurried  in  fix  hoots  from  one 
.fhore  to  the  other,  and  there  ftranded ;  the  frequency  of  violent  winds  which  prevail  there ; 
the  (hallows  and  fand-banks  which  break  the  waves  and  render  them  wild  and  irregular, 
may  certainly  caufe  foroe  ferious  refle£lion  in  thofe  who  embark  to  make  the  paflage.     So 
lately  as  the  laft  century,  the  fliipwrecks  in  this  fea  were  fo  numerous,  and  had  fo  terrified 
•the  people  of  Rovigno,  that,  when  any  one  was  obliged  by  urgent  bufincfs  or  any  other 
caufe  to  go  to  Venice,  he  confidered  himfelf  as  more  likely  to  die  than  live ;  and,  if  he  was 
the  father  of  a  family,  ufed  to  make  his  will  before  he  embarked.    The  Advocate  Conftan- 
tini,  a  native  of  that  country,  and  a  man  of  learning  and  ingenuity,  told  me  when  I  was 
there,  that  he  had  read  more  than  one  of  thefe  teftaments,  depofited  among  the  public  ar- 
chives. 

But  at  prefent  I  will  not  fay  it  is  a  diverfion  or  plcafure  to  make  this  paflage,  Cnce,  as 
Aorms  are  not  unfrequent,  it  is  nccefTary  to  be  cautious  i  but  ferious  accidents  rarely  hap- 
pen. I  have  myfclf  three  times  made  it  without  meeting  with  any  caufe  of  alarm.  To 
what  can  this  difference  be  attributed,  but  to  the  improvement  of  the  nautical  art  ?  Be- 
fides  that  the  mariners  of  Rovigno  were  not  then  fo  expert  in  the  management  of  their 
veffels  as  at  prefent ;  they  made  ufe  of  certain  barks  of  fo  improper  a  conftrudion,  as  I 
was  afTured  by  the  abovementioned  Conftantini,  that  it  was  impoffible  they  fhould  long 
xefift  the  violence  of  the  fea.  Thofe  on  the  contrary  that  have  been  built  fince  that  time, 
being  of  a  broad  and  flat  figure  and  very  folid,  are  capable  of  withiUnding  the  moft  furi- 
ous ftorms.  They  are  there  called  bracere,  and  are  in  great  reputation  in  all  the  neigh- 
bouring countries.  We  here  find  a  part  of  the  fea  in  which  vcflels  were  formerly  fo 
frequently  wrecked,  and  which  could  hot  be  traverfcd  but  at  the  rifk  of  life,  now  deprived 
of  all  its  terrors,  and  rendered  eafily  paflable,  merely  .by  the  improvements  made  in  the  art 
of  navigation. 

As  a  farther  and  ftill  more  convincing  proof  that  the  dangers  of  Charybdis  and  Scylla, 
though  in  themfelves  the  feme  that  they  anciently  were,  have  been  diminiflicd,  and  the 
<Iread  they  infpired  removed  by  the  rapid  advances  to  perfeftion  which  this  art  has  made 
in  modem  times  j  1  (hall  adduce  an  example  in  another  fea  no  lefs  an  objedl  of  ter- 
ror from  tempefts  and  ihipwrecks,  I  mean  the  Gape  of  Good  Hope,  called  the  Stormy 
Cape  by  the  firft  difcoverer,  and,  by  the  mariners  of  thofe  limes,  the  Raging  Lion.  .How 
dreadful  were  the  dangers  of  this  place,  where  the  two  oceans  defcending  down  the  oppo- 
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flte  fides  of  Africa  met  and  claflied  together;  where  contending  winds,  whofe  power  was 
greater  in  the  boundlefs  ocean  ;  where  mountainous  waresy  rocks,  and  whirlpools  threat* 
ened  inevitable  deftruAion  !   What  preparations,  what  caution  were  thought  neceflary  for 
the  {hip  which'^^as  to  make  this  dangerous  paflage  ?  Abie  pilots  who  had  frequently  made 
the  voyage;  mails  and  yards  fccured  by  additional  ropes ;  a  large  fupply  of  fails  and  cableSf. 
thicker  and  ftronger  than  ufual ;  and  a  double  rudder,  that  in  cafe  one  fhould  be  damaged 
there  might  be  another  to  a£t.     The  mariners  were  to  be  fattened  to  their  pods  by  ftrong 
ropes ;  the  paifengers  (hut  down  below,  and  the  deck  left  clear  for  the  crew  ;  a  number  of. 
whom  flood  with  hatchets  in  their  hands,  ready  tg  cut  away  the  mafts  (hould  it  be  neceflary. 
The  guns  were  (lowed  in  the  hold  as  ballaft,  and  the  port-wholes,  windows,  and  every  kind. 
of  aperture,  carefully  clofed.     Such  were  the  precautions  taken  in  the  lad  century,  on ' 
doubling  the  Cape  of  Good  Hope ;  but  how  few  of  them  are  now  neceflary  to  perform  this 
Toyage  in   perfe£l  fafety  I   Of  this  I  have  had  the  fatisfa£li<>n  to  be  certified  by    an 
Englifh  gentleman,  Mr.  Macpherfon,   with  whom  I  had  the  pleafure  of  converfing   in 
Favia,  in  July  1790;  and  who  had  twice  doubled  this  Cape  in  his  voyages  to  India  ;   3. 
gentleman  of  great  refpe£lability  for  his  information,  for  the  various  long  voyages  he  has 
made,  and  the  honourable  employments  he  has  held. 

The  facility  with  which  this  paflage  may  now  be  made,  is  therefore  the  confequence  of 
the  perfedion  to  which  the  art  of  navigation  has  arrived;  and  the  fame  we  may  conclude 
with  refpeA  to  Charybdis  and  Scylla,  which  at  prefent  have  nothing  terrible  but  the  name, 
to  thofe  who  pafs  them  with  the  requifite  precautions. 


;   ^v 
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IhJlruElionsfir  refining  Saltpetre  by  a  nev^  Procefs.  By  J.  A.  CSAPTAL,  J.  P:. ChaMPT  and' 

BONjaUR  ♦. 

-i  HE  crude  faltpetre  is  to  be  beaten  fmall  ^^ith  mallets,  in  oxAtt  that  the  water  may  more  t 
eafily  attack  evei^  p^rt  of  the  mafs*  The  faltpetre  is  then  to  be  put  into  tubs,  five  or  fix . 
hundred  pounds  in  eadi  tub.  Twenty  per  cent,  of  water  is  to  be  poured  into  each . 
tub,  and  the  mixture  well  (lirred.  It  itiud  be  left  to  macerate,  or  dtged,  until  the  fpecific 
gravity  of  the  fluid  ceafes  to  augment.  Six  or  feven  hours  are  fuflkient  for  this  fird  ope* 
ration,  and  the  water  acquires  the  deiifity  of  between  25  and  35  degrees*  (Sp.  Gr.  1.2I1 . 
and  1.306.    See  Philof.  Journal  I.  39.) 

The  fird  water  mud  then  be  poured  o(F,  and  a  fecond  portion  of  water  mud  be  poured' 
on  the  fame  faltpetre  aifnounting.to  10  per  cent.  ;lafter  which  the  mixture  mud  be  dirred 
tip,  fufiered  to  macerate  for  one  hour,  and  the  fluid  drawn  or  poured  oflfl 

Five  per  cent,  of  water  mud  then  be  poured  on  the  faltpetre ;  and  after  dirring  thewhble,, 
the  fluid  mud  be  immediately  drawn  ofl^. 

When  the  water  is  drained  frort  the  faltpetre,  the  fait  mud  be  thrown  into  a  boiler  con-^ 
taining  50  percent,  of  boiling  water.  When  the  folution  is  made,  it  will  mark  between  66 
and  68  degrees  of  £he  hydrometer.  (Sp.  Gr.  1.8*48,  and  1.898O 

*  Tranilated  from  the  Joumal  dc  Pbyfiquc;  bcariog  date  Aviguft  17949  but  lately  publilhed. 
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Tlie  folution  is  to  be  poured  into  a  proper  veflel)  where  it  depofits  hj  cooling  about  two- 
thirds  of  the  faltpetre  originally  taken.  The  precipitation  begins  in  about  half  an  hour, 
and  terminates  in  between  four  and  fix  hours.  But  as  it  is  of  importance  to  obtain  the 
faltpetre  in  fmall  needles,  becaufe  in  this  form  it  is  m«rc  eafily  dried,  it  is  necefTary  to  agi- 
tate the  fluid  during  the  whole  time  of  the  cryftallization.  A  flight  motion  is  communi- 
cated to  this  liquid  mafs  by  a  kind  of  rake,  in  confequence  of  which  the  crydals  are  de- 
pofitcd  in  very  flender  needles. 

In  proportion  as  the  cryftals  fall  down,  they  are  fcraped  to  the  borders  of  the  vefiel, 
whence  they  are  taken  with  a  fl^immer,  and  thrown  to  drain  in  bafkets  placed  on  treflel?, 
in  fuch  a  manner  that  the  water  which  pafles  through  may  either  fall  into  the  cryftallizing 
vefTel,  or  be  received  in  bafons  placed  underneath. 

The  faltpetre  is  afterwards  put  into  wooden  vefltls  in  the  form  of  a  mill-hopper  or  in- 
verted pyramid  with  a  double  bottom.  The  upper  bottom  is  placed  two  inches  above  the 
lower  on  wooden  ledges,  and  has  many  fmall  perforations  through  which  water  may  pafs 
to  the  lower  bottom,  which  likewife  afibrds  a  paflage  by  one  fingle  aperture.  A  refervoir 
is  placed  beneath.  The  cryftallized  faltpetre  is  waftied  in  thefe  veflcls  with  5  per  cent,  of 
water ;  which  water  is  afterwards  employed  in  the  folution  of  faltpetre  in  fubfequent  ope- 
rations. 

The  faltpetre,  after  fufficient  draining,  and  being  dried  by  expofure  to  the  air  upon 
tables  for  feveral  hours,  may  then  be  employed  in  the  manufadure  of  gunpowder. 

But  when  it  is  required  to  ufe  the  faltpetre  in  the  fpeedy  and  immediate  manufaAure  of 
gunpowder,  it  muft  be  dried  much  more  ftrongly.  This  may  be  effefted  in  a  (love,  or 
more  fimply  by  heating  it  in  a  flat  metallic  veflel.  For  this  purpofe  the  faltpetre  is  to  be 
put  into  the  yeflTcl  to  the  depth  of  five  or  fix  inches,  and  heated  to  40  or  50  degrees  of  the 
thermometer  (or  about  135  of  Fahrenheit).  The  faltpetre  is  to  be  ftirred  for  two  or  three 
hours,  and  dried  fo  much  that,  when  ftrongly  prefled  in  the  hand,  it  fliall  acquire  no  confit 
tence,  nor  adhere  together,  but  refemble  a  very  fine  dry  fand.  This  degree  of  drynefs 
is  not  required  when  the  powder  is  made  by  pounding. 

From  thefe  circumftances  we  find,  that  two  falinc  liquids  remain  after  the  operation, 
(1)  the  water  from  the  wafhing  ;  and  (2)  that  from  the  cryftallizing  veflels. 

Wc  have  already  remarked,  that  the  wafliing  of  the  faltpetre  is  performed  in  three  fuc- 
ceffivc  operations,  in  which,  upon  the  whole,  the  quantity  of  fluid  made  ufe  of  amounts 
to  ;^5  per  cent  of  the  weight  of  the  crude  faltpetre.  Thefe  wafhings  are  eftablifhed  on 
the  principle,  that  cold  water  diflblves  the  muriates  of  foda,  and  the  earthy  nitrates  and 
muriates,  together  with  the  colouring  principle,  but  fcarcely  attacks  the  nitrate  of  potaih. 

The  water  of  thefe  three  wafliings  therefore  contains  the  muriate  of  foda,  the  earthy 
falts,  the  colouring  principle,  and  a  fmall  quantity  of  nitrate  of  potafli,  the  amount  of  which 
is  in  proportion  to  that  of  the  muriate  of  foda,  which  determines  its  folution. 

The  water  of  the  cryftallizing  veflels  contains  a  portion  of  the  muriates  of  foda,  and  of 
the  earthy  falts  which  efcaped  the  operation  of  wafliing,  and  a  quantity  of  nitrate  of 
potafti,  which  is  more  confiderable  than  that  of  the  former  folution. 

The  waters  made  ufe  of  at  the  end  of  the  operation,  to  whiten  and  wafli  the  cryftals 
depofited  in  the  pyramidal  veflel,  contain  nothing  but  a  fmall  quantity  of  nitrate  of  potafli. 

Thefe 
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Thefc  waters  arc  therefore  very  different  in  their  nature.  The  water  of  the  wafliings  is 
really  a  mother  water.  It  muft  be  coilcsSlcd  in  veflels,  and  treated  witli  potafh  by  the 
known  procefles.  It  muft  be  evaporated  to  66  degrees  (or  1,848  fp.  gr.),  taking  out  the 
muriate  of  foda  as  it  falls.  This  folution  is  to  be  faturated  with  2  or  3  per  cent,  of  potaQi, 
then  fuflfered  to  fettle,  decanted  and  poured  in  to  cryftallizing  veflels,  where  ao  per  cent, 
of  water  is  to  be  added  to  keep  the  whole  of  tlie  muriate  of  foda  fufpended. 

The  waters  which  are  thus  obtained  by  treatment  of  the  mother  water,  may  be  mi&ed 
'With  the  water  of  the  firft  cryftaliization.     From  thefe  the  marine  fait  may  be  feparated 
by  fimple  evaporation  ;  and  the  nitrate  of  potafh,  which  they  hold  in  folution,  may  be 
afterwards  obtained  by  cooling. 

The  fmall  quantity  of  water  made  ufe  of  to  wa(h  and  whiten  the  refined  faltpetre,  con- 
tains nothing  but  the  nitrate  of  potafh :  it  may  therefore  be  ufed  in  the  folution  of  the 
faltpetre  when  taken  from  the  tubs* 

From  this  defcription  it  follows,  that  a  manufa£tory  for  the  fpeedy  refining  of  faltpetre 
ought  to  be  provided  with  (i)  mallets  or  rammers  for  pounding  the  faltpetre,  (2)  tubs  for 
wafhing,  (3)  a  boiler  for  folution,  (4)  a  cryftallizing  veifel  of  copper  or  lead,  in  which 
the  faltpetre  is  to  be  obtained  by  cooling,  (5)  balkets  to  drain  the  cryftals,  (6)  a  wooden 
cafe  or  hopper  for  the  laft  wafliing  and  draining  the  faltpetre,  (7)  fcales  and  weights  for 
weighing,  (8)  hydrometers  and  thermometers  to  afcertain  denfities  and  temperatures, 
(9)  rakes  to  agitate  the  liquor  in  the  cryftallizing  veflel,  (10)  (kimmers  to  take  out  the 
cryftals  and  convey  them  to  the  bafkets,  (11)  fyphons  or  hand-pumps  to  empty  the  boilers. 

The  number  and  dimenfions  of  thefe  feveral  articles  muft  vary  according  to  die  quantity 
of  faltpetre  intended  to  be  refined. 

If  it  be  propofed  to  refii^e  ten  thoufand  weight  of  crude  faltpetre  per  day,  the  requifite 
Toen  and  utenfils  may  be  determined  as  follows : 

Part  of  the  ground  near  the  magazine  may  be  difpofed  for  conveniently  breaking  and 
pounding  the  faltpetre. 

This  ground  (hould  be  paved  with  large  flat  ftones  very  uniformly,  or  with  thick  pieces 
of  wood.  Mallets  fimilar  to  thofe  ufed  in  pulverizing  gypfum  may  be  applied  to  this  ufe. 
Two  men  are  fufficient  to  weigh  and  pound  the  faltpetre,  and  ftow  it  in  the  magazine. 

As  the  three  waftiings  require  two  days,  and  each  tub  can  hold  only  five  or  fix  hundred 
pounds  of  faltpetre,  it  would  require  twenty  days  to  refine  ten  thoufand  weight  (with  one  tub). 

Thefe  tubs  are  two  feet  and  a  half  in  height,  and  the  fame  in  diameter.  They  muft  be 
very  well  made^  in  order  that  the  water  of  the  wafhing  may  not  leak  out.  |b  They  are  to  be 
placed  folidly  on  a  plane  ilightly  inclined,  of  fuch  n  material  as  (hall  not  imbibe  the  water 
which  may  be  fpilt  during  the  operation,  but  tranfmit  it  to  a  refervoir  placed  at  the 
extremity  of  the  row  of  tubs.. 

Twenty  of  thefe  tubs  muft  be  difpofed  in  two  parallel  lines ;  the  planes  on  whidi  they 
are  fet  may  incline  towards  each  other,  and  form,  by  their  union,  the  gutter  or  cavity  for 
tranfmitting  into  the  common  refervoir  fuch  waters  as  may  efcape.  Thefe  tubs  arcv  per- 
forated at  the  diftance  of  two  inches  from  the  bottom.   The  aperture  is  clofed  by  a  fpigQt* 

Four  men  may  be  appropriated  to  the  waihing  of  the  faltpetre.     It  is  a  part  of  their 

duty  to  convey  the  faltpetre  from  the  magazine  to  the  tubsj  and  from  the  tubs  to  the  boiler. 
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It  isfcarcely  9eceflFary  to  obferve  that  the  tubs  mud  fland  fuiEclently  apart^  and  be  fa 
difpofed  that  the  work  may  be  eafy  and  convenient. 

A  boiler  of  a  conical  form,  five  feet  wide  and  four  deep,  will  ferve  for  three  operations 
per  day,  and  confequently  to  refine  fifteen  thoufand  weight.  A  fingle  man  is  fufEcient  to 
attend  the  boiler. 

The  veflel  for  cryftallization  is  of  lead  or  copper,  and  mud  be  as  near  the  boiler  as  poflible. 
Its  depth  is  fifteen  inches,  its  length  ten  feet,  and  its  width  eight.  It  mud  be  placed  on 
a  very  folid  fupport,  fo  that  its  bottom  may  every  where  reft  upon  it.  It  is  convenient  ta 
raife  this  fupport  of  mafonry  about  twelve  inches  above  the  ground.  By  this  means  the- 
borders  of  the  cryftalHzing  veflel  will  be  27  inches  above  the  floor,  which  will  render  the 
operation  eafy  and  convenient. 

It  has  appeared  to  us  of  advantage  to  give  to  the  bottom  of  the  cryftaUizing  TeiTcl,  an 
inclination  of  four  inches  from  the  fides  to  the  middle,  merely  in  the  longitudinal  dinec-^ 
tion.  1  he  folutions  may  be  emptied  for  feveral  fucceflive  times  from  the  boilers  into  the 
oryftaliizing  vefTel,  after  havihg  taken  out  the  cryftals  depofited  from  each  folution. 

Four  mtn  appear  neceflary  for  the  operation  of  the  cryftallizing  veflel.  Their  bufinefs^ 
U  to  agitate  the  fluid  continually  with  the  rakes.  They  collect  without  intermiflion  on^ 
the  borders  of  the  veflel  the  cryflals  which  fall  down,  and  cenvey  them  with  a/fkimmer  to* 
the  baflcets  prepared  for  their  reception  and  draining^  Tbe£e  fame  workmen  put  the  falt*^ 
petre  into  the  wooden  veflel  for  the  laft  waflitng  and  drainage^  and  carry  the  refined  fait- 
jpetre  into  the  magazine.  .        ' 

For  want  of  a  large  cooler  for  cryftallizatlon  a  (hallow  boiler  may  be  u&d^  or  the  fame 
veflels  which  ferve  for  cryftallization  in  the  prefent  works  for  refining,  this  fait; 

To  prepare  the  faltpetre  for  the  manufacture  of  gunpowder,  it  may  be  driad^  after  re- 
fining, by  two  proccflVs,  (i)  by  expofing  it  to  the  open  air,  or.  the  fun,  for  feveral  hours, 
upon  tables  ;  or  (a)  by  expofing  it  in  a  (hallow  metallic  veflel  for  tw«  hours,  to  the  heat  of  . 
40  or  50  degrees  (about  135  Fahrenheit).     In  either  cafe  it  muft  be  agitated,  and  (Hirredk 
with  fcarcely  any  interruption.  In  order  to  dry  it  fpeedily  and  equally. 


Confiderable  experience  has  (hewn  us,  that  the  procefs  here  defcribed  is  the  moft  fimple 
and  economical.  But,  to  prevent  others  from  trying  fuch  methods  as  might  feem  promifing, 
though  we  have  thought  fit  to  rejeft  them,  it  will  be  proper  to  ofier  the  following  remarks : 

1.  Trial  has  been  made  to  diflblve  the  faltpetre,  cry  ft  allize  it,  and  then  wa(h  it  to  fepa- 
ratc  the  fea-falt. 

This  procefs  appears  moft  advantageous  at  firft  fight,  becaufe  it  faves  the  pounding  5  but 
it  has  great  inconveniences,  i.  Crude  faltpetre  drflblved  in  50  per  cent,  of  water,  and 
poured  into  the  veflel  for  cryftallization,  does  not  depofit  the  fame  quantity  of  faltpietre 
as  it  would  do  if  waftied  before  the  folution.  This  difference  depends  on  the  muriate  of 
foda  in  the  crude  faltpetre,  which  facilitates  the  folution  of  the  nitrate  of  potafh,  and  con- 
fequently the  water  of  the  cryftallizing  veflels  muft  retain  in  folution  more  nitrate  of  pot- 
afti,  when  the  crude  faltpetre  is  diflblvcd,  than  when  it  has  been  previoufly  wa(hcd  with 
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«^ld«watef)  :md  dkprired.of  the  iinaxine  lalt  which  it  contains.  2.  The  ^^a&Htyg  of  ft3t^ 
petre,  when  it  is  performed  after  the  folution  and  cryO:aUizati39»,requires^^46  ^r  50pcft^  cent. 
of  water  iitftead  of  35. 

'^.  Trial4iw "bem  Hi^deto ^^dift^Te  fattpetre-  in  ^o  ^r  15  per  cent,  of  boiling  water ;  to 
take  out  the  fea-falt  in  proportion  as  it  falls  by  the  ebullition  of  the  liquor  ;  to  dilute  the 
fluid  with  30  per  cent,  of  additional  water,  arid  then  to  convey  it  into  the  veflel  of  cryftal- 
lization.  It  was  e^pefted  that  the  wafliings  with  cold  water  might  be  avoided,  or  consi- 
derably diminiflied  by  thefe  means  ;  but,  not  to  mention  that  ebullition  maintained  for  four 
or  five  hours  to  feparate  the  fca-falt  fuppofes  very,  great  confumption  of  time,  fuel,  and  falt- 
pctrc,  the  wafliings  are  ftill  indifpenfable  to  remove  the  colouring  principle,  and  to  carry 
off  the  lad  portions  of  muriate  of  foda«  • 

4.  It  may  be  thought  thdt  the  quantity  of  water  in  the  wafliings  might  probably  be  41- 
mimihed  ;  but  there  is  reafon  to  fear  that  when  the  fahpetre  is  loaded  with  fca-fal^^|.it 
tannot  be  perfefHy  refined  by  the  life  of  a  lefs  quantity  of  water  than  we  have  prcfcrjib^d. 

5.  The  operator  may  alfo  be  t,empted  co  diiAiniih  the  propontion  of  water  employed  ,i|> 
the* folution  i  but  we  are  convinced  by  numerous  experjmeptSj  that  this  proportion  is  the 
mod  fuitable.  If  it  be  increafed,  the  faltpetre  remains  diQblved  in  the  fluid;  if  it  be  dimi- 
nifiied,  it  fettles  or  falls  down  in  a  iblid  mafs.  Obforvation  has  proved,  that  the  degree  of 
Taturatioa  bed  adapted  to  this  work^  is  between  the  66th  and  68th  degrees  of  the  hydro- 
meter (fp.  gr.  1.848,  and  ^i.Spd.) 

6.  Jt  may  likewife  be  thpught  more  fimple.and  economical  to  treat  the  fplution  of  crudfi 
faltpetre  with  potafli.  But  it  isto  be  feared  in  this  caiie  that  part  of  the  alkali  might  be  e;i^v* 
ployed  in  decompofing  the  muriate  of  foda,  to  con^irert  it  into  muriate  of  potaA;  and  itmuft 
be  obferved,  that  this  laft  fait  is  not  at  all  proper,  to  decompofe  the  earthy  nitrates,  notwith- 
flandingthe  afiertionsof  ikilful  themifts  to  that  efFe£t. 

.   It  appears,  &erefor«i^more  convenient  to  defer  the  treatment  of  ibe  .n>other  watersi-and 
not  to  ufe  potafli  till  after  the  fea-falt  has  been  feparated  by  evaporation. 

This,  proc^fs^  tbereforcj.  unite3.JL Jiumbcr  jofadvantaggs.  -   r  «•      -  •  : .--    -.- 

1.  It  confumes  much  lefs  fuel :  for,  inftead  of  two  long  folutionsand  ebullitions,  nothing 
more  is  required  than  to  give  the  water  a  boiling  heat  in  order  to  diflblve  the  faltpetre. 

2.  It  requires  lefs  time.  Three  days  are  fufiicient  to  purify  the  feltjetre'  to  the  degree 
fuitable  for  making  gunpowder. 

3.  It  difpofes  the  faltpetre^to  dry  more  readi]y.  As  .the  t:ryl^sds  are  Jio  jaxger  tl|a,i>  rfrfijll 
needles,  a  few  hours'  expofure  to  the  air  are  fufficient  iox  itf  coni^leterdcficQ^tiw*:'  This 
advantage  is  ineflimable,  particularly  in  a  feafon  wherein  fevcral  months  would  be -reguired 
to  drain  the  large  loaves  of  nitre  ;  and  in  which*  confcquently,  the  fabrication  of  gunpowder 
would  be  either  retarded  or  fufpended,  ^and  the  drying-houfcs  encui|\bertd  with  <}i^|i9iUti^s 
of  humid  nitre.  ,  J      1  .      > . 

4.  It  requires  lefs  fpacc.  A  boUcr  five  fiset  in  diamctcf  -and  jEbur  lin  4epth}  a  vscflej  for 
^crydallization  of  a  few  feet  dimenfioixs,  andi . thirty. tubs,  are  perf^^yfufficient  ta  refine  fif- 
teen thoufand  weight  daily. 

5.  It  occafions  lefs  lofs.  Very  accurate  experiments  have  (hown  that  the  folutions^ufed 
in  the  ancient  procefs  occaGoned  a  Ibfs  of  faltpetre,  by  mere  evaporation,  which  amounted 
Xxx^  per  cent,  of  the  original  quantity.     By  this  new  procefs,  the  water  which  holds  the  falt- 
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petre  in  folution  is  never  heated  to  boiling,  the  faJt  does  not  remain  in  die  boSer,  and  th^ 
evaporation  is  almoft  nothings 
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To  Mr.  Nicholson. 
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SIR, 


HAT  two  flints  and  feveral  other  filiceous  ft'ones,  ftruck  agaihft'each  other,  appear Iiu« 
minous  on  the  fide  ftruck  upon  \  and  that  phofphate  of  lime,  tremolite,  fugar,  gum  elemi^ , 
black  jack,  and  various  refins  become  luminous,  and  emit  phofphoric  fparks  in  the  dark, 
when  fcratched  with  a  (harp  inftrument,  or  ftruck  againft  one  «another,. are  well' known 
to  every  tyro  of  natural  philofophy ;  but  xhTXfuperfaturated  borate  offoda  pofl%fies  this  pro- 
perty in  the  higheft  degree,  has  not  perhaps  been  hitherto  remarked.    Two  pieces  of  this- 
fait,  of  confiderable  magnitude,  ftruck*  againft  another,  or  a  fwift  blow  with  any  (harp  in* 
ftrument  upon  it,  produces  fuch  a  flafti  of  white  light,,  as  none  of  the  before-mentioned 
fubftances  are  capable  of  giviiig.    It  deferves  therefore  a  place  under  the  clafs  of  tho& . 
kinds  of  phofphoric  fubftances  which  give  a  perceptible  light  by  attrition  or  percuflion^ 
without  having  been  expofed  either  to  the  folar  or  artificial  light ;  for  which  reafon  I  take 
the  liberty  of  laying  this  before  you,   begging  you  will  give  thefe  lines  a  place  in  your 
much-admired  Journal  of  Natural  Phiiofophy . 

I  remain,. Siri. your  very  humble  fervant, . 

„  '        ,     ^^  FREDERICK  ACGUM. 

Hay^Marketf  No.  17. 
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New  ConftruBion  of  the  Air  Pump.    By  Sir  George.  S.  Mackenzie^  Bart. 

Jr  IG.  I.  plate  I,  reprcCents  a  fe£Kon  of  the  barrel.  C  is  a  cup  for  oil  to  moiften  the  collar 
of  leathers  L,  in  which  the  pifton  rod  R  works,  f  is  a  plug— P  P  P  P  is  the  pifton,  which  is 
folid,  except  a  fpacc  for  a  coHar  of  leathers  Pi,  through  which  the  wire  W  attached. to  the 
valve  V,  paffes  iiito  a  perforation  in  the  pifton  rod.  N  is  a  fmall  nut  to  prevent  the  valve 
from  rifing  too  high.  This  raethodof  lifting  the  valve  was  invented  many'years  ago  by 
Dr.  Rutherford  of  Edinburgh.  X  is^  a  perforation  in  the  fide  of  the  bottom  of  the  barrel, 
into  which. is  infertcd  a  pieceof  ractal^  as  in  fig.  5,  with  a  filk  valve  tied  over  it,  opcnbg 
dbwnwards  into  the  pipe  K.  E  is  the  pipe  leading  to  the  receiver. 

The  conftruflion  of  the  bottom  of  the  barrel  is  fcen  in  fig.  2  and  3.  Fig.  4  is  the 
valve  and  wire.  Fig.  5  flicws  the  conftruftion  of  the  pipe  E  leading  to  the  receiver,  which 
is  better  than  bent  copper  tubes,  as  thcfe  are  apt  to  crack.    Fig.  6  is  caft  folid  and  bored. 

Fig, 


Air  Pu^.'^jMaximum  of  various  Air  Pumps.  'jp 

Fig^  7  18  the  cap  fcrew  bj  which  the  pipes  are  fixed.    Fig.  8  is  the  pipe  ufed  for  tlie 
condenfing  apparatus. 

That  this  pump  may  work  well,  it  is  ncccflary  that  the  bottom  of  the  pifton  bcperfe£lly 
fliifli  with  the  bottom  of  the  barrel.— The  method  of  operatioais  as  follows : 

When  the  pifton  is  to  be  railed,  let  the  plug  ^  be  opened. — ^The  pifton  rifing,  expels  < 
the  air  above  it  through  f:  When  the  pifton  is  at  the  higheft,  ftiut  the  plug.     There  will 
now  be  no  prcflure  above  thfe  pifton,  which  will  greatly  facilitate  the  working.     As  the 
pifton  rifes,  the  fri^^ion  of  the  collar  of  leathers  x  will  raife  the  valv«  V,  and  the  air  in  the 
receiver  through  the  communication  £  will  expand  itfelf  into  the  barrel.  When  the  pifton  is 
dCprefliid,  V  fliuts^  and  the  air  is  expelled  through  K,  to  which  a  pipe  as  fig.  8 'may  be 
attached  for  condenfation.     When  the  pifton  reaches  the  bottom,  no  air  will  be  left  in  the 
barrel,  except  the  very  fmall  quantity  in  the  very  fmall  hole  of  the  valve  X,  which  is  very, 
little  when  compared  to  the  capaci^  of  the  barrel.     By  proceeditig  in  this  manner,  a  very  f 
perfeft  vacuum  will  be. formed  in  the  receiver.— By  taking  off- the  receiver  and  applying . 
the  pipe  fig.  8,  and  attaching  it  to  any  veflcl,   and  opening  the  plug  p,   we  have  a  com- 
plete  condenfing  apparatus.     If  required,'  themir*  may  be  taken  from  the  receiver  and  • 
thrown  into  another  .veflcl.     Mbiftcned  leather  ought  not  to  be  ufed  for  fixing  the  re- 
ceiver,  as. vapours  are  conftantly  ifluing  from  it ;  a  drying  lute  is  better. 

This  air  pump  may  be  made  of  a  much  cheaper  conflxudlion  than  thit  of  the  plate,  . 
whicha  however,  is  the  more  convenient. 


In  the  obliging  letter  which  accompanied  this  communication,  the  author  afliires  me,  . 
that  its  fimplicity  and  convenience  have,  been  found  confiderable  by  experience.  The 
reader  will  perceive,  by  turning  to.the  firft  volume  of  our  Journal,  p.  128,  that  the  happy 
contrivance  of.  the  wire  for  lifting,  the  lower  valve  is  alfo  claimed  by  Cuthbertfon,  who 
in  his  pamphlet^,  page  6,  informs  us  that  the  hint  of  fiich  an  apparatus- was  firft  given 
to  him  by  M.  Pacts  van  Trooftwyk.  It  is  not  faid  that  Dr.  Rticherford  carried  his  in- 
vention into  praSice.  This  merit  is  due  to  Mr.  Cuthbertfon  and  Sir  G.  M.  I  remem- 
ber the  fame  ingenious  thought  having  been  alfo  ftated  by  another  philofophical  gentleman, 
in  1783,  when  the  air  pump  of  Haasf  was  much  talked  of.' 

The  air  pump  of  Sir  George  Mackenzie  diffijrs  in  effcGt  from  that  of  Mr.  Cuthbertfon  - 
in  the  fdlidity-of  the  pifton,  and  in  not  having- an  oil  veflel  to  the  valve  through  which  the 
air  is  extruded.     The  air  pump  of  Sir  George  will  ceafc  to-  exhauft,-  fuppofing  every  : 
thing  elfe  perfeft,  when  the  mafs  of  air  in  the  receiver  beavs  the  fame  proportion  to  an 
equal  volume  of  external  air,  as  the  capacity  of  the  bore  of  the  valve-piece  X,  bears  to  the 
interior  capacity  of  the  barrel  when  the  pifton^is  up.     Cuthbertfon's  pump,  will*  have  a 
fimilar  limit  with  relation  to  the  communication  pipe  as  to  the  upper  valve  (Philof.  Jour-  - 
nal,  pi.  7,  vol.  I,  fig.  I.)  and  the  capacity  of  the  barrel  above  the  .pifton  when  down.     In 
Prince's  air  pump,  and- in  the  proje£):' mentioned  at  p- 131  of  the  fame  volume  ^  if  the 

*  Defcription  of  an  improved  Air  Purnp,  &c.  by  John  Cuthbertfon,  London  j  fuld  by  Johufon.  No  date, 
kut,  as  I  think,  publiihed'reven  or  eight  years  ago. 
t  Thil.  Tranf.  m»ccC|LXXIIU 

valves  • 


30  Aflhn  dft^re  upon  G^d,  t^c. 

valves' be  made  4o  open  mechanic^)y,  thfe  m«cii|i«nn  of  .exhaustion  will  in  theory  be  in 
the  duplicate  ratio  of  the  fmaller  fpace  to  the  larger,  affuming  bothftrofccs  to  be  equal  in 
the  barrel's  through  which  the  air  facceflivcly  pa?fles.  And  in  Sadler's  pump  with  oil 
(Ibid,  plate  xix.  fig.  i.)  the  nrraximum  Mtill  be  in^finitely  great,  becaufe  every  ftroke  muft 
take  out  a  like  part  of  the  refidue  of  air  from  the  receiver.  • 
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VIII. 

Oh  the  A^ion  of  Nitre  upan  Gold  and  Platina.,  By  SMITH  SON  Tennant^  Efq.  F.  R.  S.* 

VJOLD,  which  cannot  be  calcined  by  cxpofure  to  heat  and  air,  has  beenjalfo  confidcrcd  as 
incapable  of  being  affefled  by  nitre.  But  in  the  courfe  of  fome  experiments  on  the  dia- 
mond, an  account  of  which  has  been  communicated  to  this  fociety,  I  obferved  that  when 
nitre  was  heated  in  a  tube  of  gold,  and  the  diamond  was  not  in  fufEcient  quantity  to  fupply 
the  alkali  of  the  nitre  with  fixed  air,  a  part  of  the  gold  was  diflblved.  From  this  obfer- 
vation  I  was  induced  to  examine  more  particularly  the  a£tion  of  nitre  iipon  gold^  as  well 
as  to  enquire  whether  it  would  produce  any  effeA  upon  filver  and  platina. 

With  this  intention  I  put  fome  thin  pieces  of  gold  into  the  tube,  together  with  nitre,  and 
cspofed  them  to  a  ftrong  red  heat  for  two  or  three  hours.  After  the  tube  was  taken  from 
the  fire,  the  part  of  the  nitre  which  remained,  confiding  of  cauftic  alkali,  and  of  nitre  par- 
tially decompofed,  weighed  140  grains ;  Mi44e-grains  of  the  gold  were  found  to  have  been 
diflblved.  Upon  the  addition  of  water,  about  50  grains  of  the  gold  were  precipitated  in  the 
form  of  a  black  powder.  The  gold  which  was  thus  precipitated  was  principally  in  its 
metallic  ftate,  the  greater  portion  of  it  being  infoluble  in  marine  acid.  The  remaining 
gold,  about  ten  grains  in  weighty  communicateid  to  the  alkaline  folution  in  which  it  was 
retained,  a  light  yellow  colour.  By  droppinglnto  this  folution  diluted  vitriolic  or  nitrons 
acid,  it  became  at  firftpf  a  deeper  yellow,  but,' if  viewed  by  the  tranfmitted  light,  it  foon 
*  appeared  green,  and  afterwards  blue.  The  alteration  of  the  colour  from  yellow  to  blue, 
arifes  from;  the  gradual  precipitation  of  the  gold  in  its  metallic  form,  which  by  the  tranf- 
mitted light  is  of  a  blue  colour:  though  the  gold  is  precipitated  from  this  folution  in  its 
metallic  form,  yet  there  feems  to  be  no  doubt  that,  while  it  remains  diflblved,  it  is  entirely 
in  the  (late  of  calx.  Its  pnec'^pit^tion  ip.  tlie  metallic  flate  is  pccafioned  by  the  nitre  con- 
tained in  the  folution,  whifrh^jliiaYiiig  lo (Impart  of  its  oxygen  by  heat,  appears  to  be  capable 
of  attra£king  it  from  the  calx  of  gold  ;  for  I  found,  that  if  the  calx  of  gold  is  diflblved  by 
being  boiled  in  cauftic  alkali,  and  a  fufiident  quantity  of  nitre,  which  has  loft  fome  of  its  air 
"by  hd^at,  is  mixed  with  it,  the  gold  i^  precipitalied  by  an  doid  in  its  metallic  ftate  f  • 

X        *  .         I     ■        '  Havipg 
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•PhJlofophical  Tran(a6tions,  M,DCC,xcVif. 

f  As  the  precipitation  of  gold  in  iis  iBCftatliCfDm]  'l>y  nitre  which  hat  loft  (bme  of  iti  oxygen,  has  not,  I  be- 
lieve, been  noticed,  it  mny  not  be  improper  to  mention  fome  of  thoic  fafts  relating  to  it  which  feem  moft  enti- 
tled to  attention.  Nitre,  which  has  be^n  heated  fome  time,  precipitates  gold  in  its  metallic  iiate  from  a  folution 
in  aqua  rcgia,  if  it  is  diluted  with  water.  If  a  folution  of  gold  in  nitreus  acid  is  dropped  into  pure  water,  the 
calx  of  gold  is  fcpvatcd,  which  is  of  a  yellow  colour;  but  if  the  water  contains  a  very  fmall  proportion  of 
nir^e,  which  has  loft  fome  of  its  air  by  heat  (as  one  grain  in  fix  ounces),  the  gold  is  deprived  of  its  oxygen 
and  becomes  blue.     The  alkali  of  the  nitre  does  not  alfifl  in  producing  this  elfe^*     Nitrous  acid  alone,  which 

docs 
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Having  found  that  nkre  would  diflblve  gold^  I  tjiedivhether  it  would  produce  any  eiltsA 
upon  platina. 

It  has  been  formerly  obferved,  that  the  grains  of  platina,  in  the  impure  ftate  in  which  it 
is  originally  found,  might>  by  being  long  heated  in  a  crucible  with  nitre,  be  reduced  to  pow- 
der. Lewis,  from  his  own  experiments  and  thofe  of  MargrafF,  thought  that  the  iron  only 
which  is  contained  in  the  grains  of  platina  was  -corroded  by  the  nitre.  But  by  heating 
nitre  with  fome  thin  pieces  of  pure  platina  in  a  cup  of  the  fame  metal,  I  found  that  the 
platina  was  eafily  diiiblved,  the  cup  Being  much  corroded,  and  the  thin  pieces  entirely  de* 
ftroyed.  By  diflblving  the  faline  matter  in  water,  the  greater  part  of  the  platina  was  pre- 
cipitated in  the  form  of  a  brown  powder.  This  powder,  which  was  entirely  folable  in 
marine  acid,  confifted  of  the  calx  of  platina,  combined  with  a  portion  of  allcali,  which 
could  not  be  feparatcd  by  being  boiled  in  water.  The  platina  which  was  retained  by  the 
alkaline  folution  communicated  to  it  a  brown  yellow  colour.  By  adding  an  acid  to  it  a 
precipitate  was  formed,  which  conGfted  of  the  calx  of  platina,  of  alkali,  and  of  the  acid 
which  was  employed. 

Silver  I  found  to  be  a  little  corroded  by  nitre  :  but,  as  its  action  upon  that  metal  was 
very  inconfiderable,  it  did  not  appear  to  be  deferving  of  a  more  particular  examination. 

.  ■       -■■■     '  ■        ■..,.■>    II     ■    I  .,  — 

IX. 

An  Account  of  tertain  Caufes  of  AlUrotton  injurious  to  the  ^ality  of  Corn ^  and  the  Means  ofpre^ 
venting  this  Change  *.  By  B.  G.  Sage^  of  the  cidevant  Academy  of  Sciences^  Profejfor  of 
Chemiftry  and  Mineralogy  in  the  School  dej  Mines  de  la  Monnoie. 
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N  the  Analyfis  of  Com,  which  I  publiOied  in  1776, 1  have  (hewn  that  when  the  com  no 
longer  contains  glutinous  f  or  vegeto-animal  matter,  it  affords  flour  not  adapted  to  produce 
a  good  panary  fermentation  ;  that  the  bread  is  not  white,  and  has  a  difagreeable  tade  and 
fmell  \  that  it  produces  an  oppreflion  at  the  (lomach,  putrid  diforders,  and  the  dry  gangrene, 
like  fmutced  rye.  I  did  not  at  that  time  know  the  caufe  of  this  alteration  of  corn  \  but 
difcovered  it  laft  year,  by  attending  to  the  farming  operations  in  the  corn  country  of 
Beauce,  where  I  have  obferved  that  the  method  of  houflng  or  (lacking  the  corn  was  more 
fuited  to  deftroy  than  to  preferve  it. 

In  fa£l,  the  fickle  has  fcarcely  cut  the  corn  before  it  is  colle^ed  in  (heaves  to  form  (hocks». 
or  larger  parcels,  which  are  immediately  conveyed  into  the  barns,  where  they  are  packed 

doet  not  contain  its  full  proportion  of  oxygen,  occtfions  the  fame  precipitation^  unlefs  it  is  very  (Irong;  and  if  a 
mixture  of  fuch  firong  nitrous  acid,  and  of  a  folution  of  gold  in  nitrous  acid,  is  dropped  into  water,  the  gold  is 
deprived  of  its  oxygen,  and  is  precipitated  of  a  blue  colour.  Two  caufes  contribute  to  produce  this  eifeft  upon 
the  addition  of  water.  The  adheiion  of  the  calx  of  gold  to  nitrous  acid  is  by  that  means  weakened,  and  the 
oxygen  is  attracted  more  ftrongly  to  the  imperfect  nitrous  acid  in  confcquence  of  their  attraction  for  water  when 
they  are  united. 

*  Journal  de  Pbyf.   Sep.  for  1794.  ' 

t  Wheat  is  compofed  of  the  cortical  part  called  bran,  ftarch,  facchftrine  matter,  and  the  glutinous  fubftance. 
The  fl«  ur  obtained  at  the  mills  near  Paris  is  compofed  of  i^i6th  part  of  faccharine  and  extractive  matter, 
fjds  or  w  hite  fecula  called  (larch,  and  i-4th  part  of  elaHic  glutinous  matter.  The  com  of  the  fouthern  coun* 
triei  contain  more.    S. 
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3«  Spontanmis  Heat  of  Corn  dejlrojs  Us  XSluten.  . 

ad  clofe  aspoffible,  without  attending  whether  the  grain  and  the  ftraw  bedry,  as  well  as  tUe 
more  aqueous  herbs  which  are  cut  along  with  it.  The  confequence  is,  that  the  corn  be- 
comes heated  a  few  hours  after  it  is  put  away,  and  this  heat  is  ^  ftronger  and  more  durable 
the  larger  and  the  damper  the  mafis.  The  heat  is  frequently  ftrong  enough  to  bake  an  egg,  ac- 
cording to  the  account  of  the  cultivators.  For  my  part,  1  could  not  hold  my  hand  in  this  mafs, 
which  is  as  capable  of  fpontaneous  combuflion  as  flacks  of  hay  when  put  together  too  wet. 

-Fire  does  not  manifeA  itfclf  fo  often  in  our  barns,  becaufe  the  air  can  fcarcely  at  ;ill 
penetrate  into  them,  by  reafon  of  the  very  clofe  ftowage.  When  I  afked  the  farmers  why 
they  preflcd  the  corn  fo  much  ?  they  affirmed,  that  their  view  was  to.  prevent  its  occupying 
a  large  fpace,  and  to  hinder  vermin  from  fmding  their  way  into  it. 

When  this  heat  is  excited  in  the  corn  newly  flowed  away,  a  fmell  is  emitted  for  three 
weeks  refembling  that  of  fermenting  beer :  it  feemed  at  firil  as  if  aromatic  herbs  had 
been  :boiled  in  the  neighbourhood. 

I  have  obferved  the  duration  of  ihis  heat  for  more  than  four  months,  in  a  barn  where 
the  quantity  (lowed  away  amounted  to  a  cube  of  about  40  feet.  The  corn,  when  taken  out, 
was  rough,  ruddy,  and  more  or  lefs  decompofed  ;  fb  that  in  the  lower  part  of  the  bam 
the  alteration  and  decompofition  of  the  glutinous  matter  was. complete,  and  the  grain  was 
no  longer  proper  for  vegetation  *.  The  bread  made  with  flour  of  this  com  does  not  rife 
well,  and,  after  baking,  exhibits  a  yellowifh  grey  colour. 

The  farmers  of  Beauce  have  a  prejudice  that  it  is  good  for  the  grain  to  fweat  and  heat, 
which  is  contrary  to  found  reafoning :  for  in  this  cafe  the  heat  is  produced  by  fermenta- 
tion, which  cannot  tkke  place  but  by  the  decompofition  and  lofs  of  fome  of  the  integral 
parts  of  the  corn.  It  Is  accordingly  found,  that  the  faccharine  and  glutinous  matter  are 
more  or  lefs  deftroyed  in  proportion  to  the  time  which  the  corn  has  remained  in  the 
heated  flate. 

If  the  (heaves  were  dry  whenhoiifed,  they  would  not'heat,  and  the  grain  would  be  pre* 
ferved  in  perfe£lion.  It  is  proper  therefore  to  fufFer  them  to  dry  in  the  field,  and  not  pack 
them  together  until  they  have  given  out  all  their  moifture.  It  will  alfo  be  of  advantage  to 
lay  them  lightly  together  inflead  of  prefGng,  in  order  that  the  circulation  of  tlie  air  may 
carry  off  the  laft  portions  of  humidity. 

Befides  the  prefervation  of  the  grain,  another  advantage  would  be  obtained,  namely,  that 
^the  flraw  would  be  neither  heated  nor  mouldy.    Straw  in  this  lafl  flate  contra£ls  a  difa« 
greeable  fmell,  which  is  repulGve  to  cattle. 

It  is  in  one  of  the  mod  fertile  corn  provinces  of  France,  in  which  the  ground  is  heft  cul- 
tivated, that  a  method  fo  prejudicial  to  the  grain  is  employed.  The  interefls  of  humanity 
being  the  fame  as  that  of  the  cultivator,  it  is  to  be  prefumed  that,  when  once  inflru£led,  he 
will  change  his  pra£lice.  In  fa£l  his  gain  will  be  double  :  for  he  will  conflantly  have 
wholefome  corn,  and  will  fell  it  at  a  higher  price  than  fuch  as  has  been  heated. 

As  the  flate  arid  quality  of  com  is  to  be  judged  from  the  nature  and  quantity  of  the  glu- 
tinous matter,  it  is  proper  to  defcribe  the  procefs  for  extra£ling  it. 

Take  four  ounces  of  wheat  flour  feparated  from  the  bran  \  mix  it  with  water  to  form  a 
pafle.     Let  this  be  kneaded  for  a  quarter  of  an  iioar»  and  afterwards  wafhed  by  working  it 

*  I  thhik  it  would  be  proper  to  fuffer  the  com  to  dry  in  the  ihcaf  for,  the  purpofe  of  affording  wholefome 
orain ;  Tor  the  fermentation  akers,  weakens,  and  often  dcftrojrs  it. 

I  with 


J^^maasfur  4i/hg/»gitig'  Oxygen  G§s.  ^^ 

with  die  Ymx^  uader  water^  which  is  to  be  changed  from  time  to  time.  -Thi4.wa(hing  is  to 
be  continued  until  ihelaft  quantity  of  water  made  ufe  of  is  no  longer  difcoloufed.  Theful)- 
ftanbe  remaining  in  the  hands  is  the  glutinous  matter  of  a- whitifli  grey  colour.  If  the 
eom  be  goodi  this  is  elafttc  ;  (that  is  to  fay,  it  may  be  drawn  into  long  firings,  which  have  n 
difpofition  to  Ihrink  or  contraA.)  If  the  corn  has  begun  to  heat,  it  is  ihort  or  brittle.  If 
it  has  fermented,  it  will  afford  none  of  this  glutinous  matter. 


Defcriptlon  of  an  Apparatus  fir  difengaging  Oxygen  Gas,  and  applying  it  to  the  bejl  Advantage, 
ConJIruBcd  by  J  AMES  Sadler^  Efq,  Chemift  to  the  Admiralty. — To  which  are  added^ 
Ohfervathus  upon  the  Blow^Pipe.     By  W.  N. 

J/  I G.  I.  plate  2|  .reprefents  the  vertical  (c&ion  of  a  furnace.  The  (hadect  parts  denote 
brick  work.  A  is  the  afii-hole,  B  the  grate  upon  which  the  fuel  is  placed,  C  the  opening 
for  the  recept4onof  the  fuel.  It  is  covered  with  a  piece  of  fire  (lone,  or  an  earthen  cover, 
at  ail  times  except  when  a  fupply  of  fuel  is  wanted.  D  is  the  aperture  leading  to  the 
chimney  F;  and  between  D  and  F  is  a  chamber  for  the  reception  of  a  mattrafs  or  other 
veflel  Ej  to  be  expofed  to  the  a£lion  of  the  flame.  The  veflil  E  is  put  in  its  place,  or 
taken  out,  by  the  opening  at  the  upper  part'Of  dreth^fmber;  and  when  at  work,  that  open- 
ing is  clofed  by  two  pieces  of  fire  Abne,  each  t>f  which  covers  half  the  aperture,  and  meets 
the  other  by  a  perfe£l  ground  edge,  having  a  notch  that  leaves  a  fpace  for  the  neck  of  the 
veflel.  Fig.  11.  is  a  ground  plan  of  the  fame  furnace,  with  the  apparatus  for  receiving  and 
applying  the  oxygen.  The  letters  B,  £,  F,  denote  the  fame  parts  as  in  fig.  i.  Fig.  III. 
exhibits  a  vertical^fe£lion  of  the  mattrafs,  and  other  apparatus,  denoted  by  the  fame  letters 
fs  in  fig.  2.  £  is  the  mattrafs  containing  black  oxyde  of  manganefe.  H  i^  a  refrigeratory 
through  which  the  tube  of  conrnmnication  paflTes.  I  is  a  receiver  for  condenfable  vapour. 
The  daftic  fluid  pafles  through  the  tube  at  K  into  the  receiver  L,  inverted  in  another  veflel  of 
water  tA ;  the  receiver  being  fufpended  by  a  firing  pafling  over  a  pulley,  which  therefore 
admits  of  a  variation  at  pleafure  of  the  reafUon  for  extruding  the  air  through  the  blow- 
pipe N  P.  The  part  N  of  the  blow-pipe  is  of  porcelain  ;  and  a  lamp  O  is  placed  beneath 
lor  the  purpofe  of  heating  the  air  before  it  iflues  from  the  orifice  P.  The  letters  G,  K, 
and  Qf^  denote  cocks  to  be  occafionally  clofed  when  the  receiving  apparatus  is  required  to  be 
feparated  or  removed. 

The  advantages  of  this  apparatus  are,  firft,  the  fimpilicity  of  the  furnace,  which  is  appli- 
e^e  to  a  variety  of  ufes,  as  well  as  that  particularly  dated  in  this  account.  As  the  current 
of  atmofpheric  air  from  A,  thfough  the  grate  to  B,  D,  and<F,  does  not  pafs  above  the  roof 
of  the  paflTage  D  }  the  upper  part  of  the  fire-place  towards  C,  where  the  combuflion  can- 
not reach)  may  be  confidered  as  a  repofitory  for  fuel,  upon  the  principle  of  the  athanor, 
and  might,  if  required,  be  made  equally  capacious.  This  fuel,  before  it  arrives  at  the  place 
of  combufliqn,  ferves  alfo  as  a  cover  when  the  a£lual  cover  is  taken  off*  to  fupply  the  confump- 
tion;  befides  ^hich,  there  is  sot  the  lead  poICbiliiy  of  deranging  or. didurbing  the  veflels  on 
fuch  occaiions,  as  is  too  o(ten  the  cafe  in  the  common  air  furnace.  The  aperture  at  E 
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ABordt  a  Aegrte  of  conrtxAtnct,  eqvaRj  obvioas,  with  ttfptrA  tb  the  putting  htf  fltcttig^ 
fttid  taking  out  thetefleb.  Of  tbe  refrigeratory,  the  recerrerl,  md-die  apt>tmM8  M  L, 
\litrie  more  jieed  be  faid  ihati  that  they  are  conftruAed  in  ihe  fitting  which  -eajMnietioe  hot 
fhewn  to  be  the  moft  fimple  and  efficacious*  The  parts  NOP  ^itfhtbit  an  imppotcmeot 
which  is  found  to  be  of  great  importance.  Mr*  Sadler  ebferved,  in  vheclMNrfe  of'  his  .cxpeti* 
ments,  that  the  cffcQ,  of  the  oxygen,  when  recently  produced,  was  mnch  gicmei  than  4btnB 
hours  afterwards.  There  was  no  reafon  to  conclude  that  this  difference  arofe  from  any 
change  in  the  purity  of  the  fluid  :  he  therefore  concluded  that  it  mult  he  caufed  by  a 
difference  of  temperature.  When  the  cold  oxygen  is  brought  into  contact  with  a  com- 
buftible  body  at  a  very  elevated  temperature,  it  muft  be  concluded,  that  part  of  the  caloric 
difengaged  at  the  inftant  of  combination  mud  be  employed  in  raifing  &e  temperature  of 
the  mafs  of  oxygen,  and  confequently  that  the  intenfity  of  the  combuilion  will  be  lefs. 
He  therefore  determined  to  fuppiy  this  portion  of  caloric  from  another  procc(ii  of  corn- 
bullion,  carried  on  near  the  external  furface  of  the  tube  through  which  the  oxygen  is  trabC* 
milted.  O  is  the  lanm  for  that  purpofe,  afibrding  a  flame,  which  fteats  the  tube  N,  anfl 
gives  an  elevated  temperature  to  the  oxygen  before  it  paflek  out  of  the  fmall  aperture  IP. 
The  heat  excited  in  a  piece  of  charcoal  urged  by  this  ftream  of  oxygen  b  fo  great,  as  to 
fufe  the  pureft  fpedmens  of  native  rock  cryftal,  and  alfo  thofe  of  lime.  The  other  eflfefts^ 
arc  likewife  proportionally  greater. 
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CHEMISTS  and  mineratogifts  are  too  well  acquainted  with  the  ufe  of  this  inftrument,  to 
require  any  long  enumeration  of  its  advantages.  To  behold  with  cafe  fuch  procedes  as  demand 
much  labour  and  time  in  furnaces,  and  cannot  in  tlus  laft  (ituatton  be  eafily  and  comfortablf 
infpe£led  ^^to  fee  thefe  performed  in  the  open  air  ih  a  few  feconds,  with  all  the  cbangeii 
of  colour,  ebullition,  fcoriation,  and  the  like ;  — to  remark  the  nature  of  the  vapours  wMdl 
fly  off,  and  to  note  the  precipitation  of  metalGc  fubftances  from  their  fluxes,  or  the  eflefts 
they  produce  on  the  feveral  kinds  of  glafs : — thefe  are  a  few  of  the  advantages  which  have 
brought  this  inftrument  into  eftimarion. 

It  is  well  known  that  the  common  pra£tice  of  blowing  with  the  mouth,  though  Tery 
ready,  and  requiring  an  inftrument  of  inconfiderable  coft,  is  not  fo  advantageous  as  the  ex^ 
trufion  of  air  by  means  of  bellows,  or  other  mechanical  contrivances.  The  ahr  edlaled 
from  the  lungs  has  already  been  deprived  of  pairt  of  its  oxygen,  and  is  loaded  with  Jibfaii- 
dity.  The  procels  of  blowing,  even  to  tlie  moft  (kilful,  is  attended  with  feme  fatigue,  and 
requires  a  degree  of  confinement  of  the  head  and  one  of  the  hands^  which  confiderably  di* 
miniflies  the  power,  as  well  as  the  eafe  of  th#  operator.  Bellows,  at  the  price  of  two  and 
three  guineas  the  fet  with  a  few  additional  implements,  have  been  contrived  for  this 
'  purpofe.  It  feemed  probable  to  me,  that  thefe  inftruments  are  larger  and  more  coftly 
than  is  requifite.  To  afcertain  the  value  of  this  fufpicion,  I  made  the  following  expe- 
riments :    . 

A  blow-pipe  nearly  of  the  figure  defcribcd  by  Bergmann,  whofe  internal  diameter  was 
about  one  fifth  of  an  inch  at  the  fmallcft  part,  was  inferted  through  the  cork  of  a  hottle, 
of  which  the  contents  were  1 7^  cubic  inches.    The  cork  was  notched  in  fach  a  manner 
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that  wlien  the  yXyt  was  ftupk  io  the  nock  of  thp  bottle  previoufly  filled  widi  water,  the 
wboif  €^Ui  be  hiFcrt^  withoutt  luiy  {lortioa  ruaniag  out,  tkough,  from  the  fize  of  the 
BOlcht  ^  flight  agicatioa  W48  fuffiqient  to  produce  that  event.  In  this  fituation  the  mouth 
waa  applied  to  the:  hk>Wrpipa,  and  the  air  ftrongly  blown  into  the  bottle.  The  water  im- 
mediately.-flowed  Ottl^  ^at  if  to  fay,  in  eighteen  feconds.  The  experiment  was  twice  re- 
ftttbtAy  sad  di«  aperture  of  the  nozk  of  the  blow-pipe  was  -^^th  of  an  inch.  Hence  it 
ioUowSy  Aat  the  quasiity  of  air  ^oueted  from  the  blow-pipe  was  not  quite  one  cubic  inch 
in  a  focond.  For  it  waa  17-^  cvbic  iacbea  in  eighteen  feconds*  It  will  appear  aUb  from 
an  eafy  calculation,  that  the  vdoctty  was  not  quite  four  feet  in  a  fecond. 

The  nosie  ufed  in  the  foregoing  experiment  was  adapted  to  the  flame  of  a  lamp :  but 
it  waa  too  large  for  die  flame  of  the  candk  called  a  (hort  eight,  which  is  of  tallow,  nine 
anches  long,  duree  qrs.  inek  m  diameter,  haTiii^  fixteen  yams  of  cotton  in  its  wick,  and 
weighing  ^^tk  part  of «  pound  awitdupois*  The  experiments  were  repeated  with  a  nosic  well 
fuited  to  the  flame  of  this  candle.  The  aperture  of  this  laft  waa  rather  more  tlian  3'^th  of 
aa  inch  in  diameter.  The  bottle  waa  emptied  <mce  in  20  feconds,  and  twice  with  uncom- 
fortable exertion  in  18  feconds  each  time.  If  the  velocity  of  emiffion  had  been  the  fame 
in  both  experiments^  this  laft  would  hare  required  about  jjS  feconds.  It  may  therefore  be 
inferred,  that  in  the  experiment  with  the  largeft  aperture,  the  efcape  of  air  was  fo  fpeedy 
as  confiderably  to  diminifli  the  pteflhre  by  wUch  it  waa  driven  out. 

In  order  to  afbertain  the  coodenfataon  of  the  air  in  the  blow-pipe,  a  finall  quantity  of 
water  was  put  into  the  bottk,  and  the  blowing  continued  for  a  few  feconds  beneath  the 
tbiunb,  which  waa  applied  to  the  orifice  of  the  neck.  Air  was  fufiered  to  efcape  at  the 
fanse  time  through  the  lips,  (b  as  nearly  to  produce  the  (ame  ttk&  widi  regard  to  the 
tnufclea'af  the  ouindi,  aa  if  die  iame  Jiad  beini  emitted  through  a  blow-pipe.  When  the 
ai6Uoii  waa  at  ita  utmoft,  the  thumb  was  fuddenly  clofed  on  the  aperture,  and  the  bottle 
toverted.  In  this  fituation  the  line  of  the  upper  furface  of  the  water  was  carefully  tnarlffd, 
after  whidi  die  thumb  was  gently  withdrawn,  and  a  portion  of  the  water  flowed  out  in 
confequence  of  the  fpring  of  the  included  air.  fiy  the  depreffion  of  the  water,  it  was 
found  diat  the  air  had  been  condenfed  by  about  <^th  part  of  the  whole,  and  confequendy 
would  have  fuftained  a  little  more  than  an  indh  of  mercury  in  a  fimple  gage.  It  feemed 
pvobabk,  however,  that  die  exertion  of  bibwing  into  a  botde  by  a  ftort  temporary  eflbrt, 
might  %e  very  different  from  the  fteady  a£lion  of  blowing  through  a  pipe.  To  prove  this 
more  clearlyi  I  bended  a  glafs  tube  nearly  of  the  fame  internal  diameter  as  the  blow-pipe 
into  a  fyphon,  the  legs  of  which  formed  an  angle  of  about  45  degrees  of  each  other.  Into 
this,  mercurywas  poured  to  occupy  feveral  inches  in  length,  and  the  tube  was  fixed  to  that 
one  -of  its  legs  continued  vertical,  while  the  other  was  acceflible  to  the  mouth.  Upon 
blowing  into  the  latter  orifice,  it  was  iound  that,  by  an  eafy  or  moderate  a&lon,  the  mer- 
cury was  fuftained  to  the  height  of  about  i^ths  of  an  inch  above  its  level }  that  when  the 
preflTure  was  ftrong,  the  height  was  about  half  an  inch  ;  and  that  it  was  pofliUe,  by  very 
ftrong  exertion,  to  keep  the  mercury  at  one  inch  :  but  the  lips  foon  became  tired.  The 
mercury  might  indeed  be  urged  to  near  two  inches,  but  not  in  a  way  that  could  have  been 
maintained  for  even  an  extremely  (hort  time  in  a£lual  work. 

From  thefe  fa£ts,  if  we  take  half  an  inch  for  the  medium  flation  of  the  gage,  the  preflTure 
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for  extruding  tlie  air  vill  anfwer  to  about  a  quarter  of  a  pound  avoirdufMns  upon  -eacli 
fquarc  inch  of  furfacc,  which  is  not  more  than  an  eighth  part  of  the  preffure  in  the  reg«- 
lating  belly  o  f  the  blowing  machines  at  our  great  foundries.  I  think  the  quantity  of  one 
cubic  inch  per  fecond  is  quite  as  much  and  probably  more  than  iflttetout  of  the  blow-pipe 
in  any  courfe  of  experiment*  A  pair  of  bellows  capable  of  extruding  fomewhatittore  than 
t^'o  cubic  inches  at  a  ftroke,  would  confequently  fupplyas  much  air  as  the  pipe  would  de* 
liver,  provided  the  ftrokes  fucceeded  each  other  about  once  in  two  feconds,  which  appears 
to  be  a  conveni^t  rate  of  working,  and  by  no  means  too  qmck.  In  very  fmall  bellows  the 
internal  contents  may  be  eilimated  at  one  third  of  the  contents  of  a  paraUelopipedon,  or 
fquare  box  capable  of  circumfcribing  the  bellows  when  open.  As  a  full  allowance,  let 
us  fuppofe  the  contents  of  this  imaginary  box  to  be  eight  cubic  inches,  and  its  depth  two 
inches.  Its  upper  furface  mud  then  be  equal  to  four  fuper£cial  inches.  That  is  to  fay,  a 
pair  of  bellows  fully  fufficient  to  fupply  the  blowpipe  will  not  require  larger  dimenfibns 
than  tliree  inches  in  length,  one  inch  and  a  half  in  widthj  with  a  lift  of  one  inch  and  a  half 
for  each  ftrokc.  The  fame  efied  may  be  produced  by  a  fyringe  one  inch  in  diameter,  and 
two  inches  and  a  half  long. 

The  refervoir  for  the  air  may  either  be  another  pair  of  bellows  rather  larger,  and  difpoled 
to  (hut  by  a  weight  or  a  fpring;  or  it  may  be  fimply  a  veflel  of  fufiiclent  capacity  to 
receive  the  air  from  the  bellows,  and  emit  it  in  a  conflanit  ftream  by  virtue  of  its'  fpring^ 
under  condenfation,  in  the  fame  manner  as  water  is  emitted  from  the  air  veflel  of  a  fire- 
engine.  The  emiflion  of  air  from  fuch  a  Teiiel  may,  in  a  loofe  way,  be  taken  to  be  at  half 
the  velocity  of  its  introdu£lion ;  and,  confequently,  at  the  end  of  every  ftroke  the  veflel 
will  contain  half  as  much  more  air,  than  the  medium  fiate  of  condenfation,  as  amounts  to 
the  whole  contents  of  the  bellows ;  and  at  the  beginning  of  every  ftroke,  the  veflel  will 
contain  half  as  much  lefs  than  that  quantity*  From  thele  confiderations,  it  appears  that 
'the  fteady  ftream  from  a  fire-engine  could  not  be  produced  but  by  two  pumps  alternately 
acting,  and  that  the  air  anfwers  fcarccly  any  other  purpofe  in  the  fmall  air-veflels  of  thoC; 
engines,  than  that  of  rendering  the  intmfion  of  the  non-elaftic  water  lefs  fudden  and  vior 
lent.  It  will  alfo  appear  from  calcuhition,  (as  it  does  from  pra£tice,  in  the  regulating  bellies 
of  blowing  engines,  on  which  the  re-a£lion  Is  afibrded  by  a  variable  force  fomewhat  refem* 
bling  tlie  fpring  of  the  air)  that  a  very  large  veflel  is  required  to  give  a  praAical  uniformity 
to  the  emitted  (Iream,  when  the  a£lion  of  intrufion  is  not  conftant.  Hence  it  appearsy 
tha,t  an  air  veflel  cannot  be  ufed  to  advantage,  unlefs  tlie  bellows  to  our  (mall  apparatus  be 
made  double  by  two  itxed  outer  boards,  with  valves  opening  inwards,  and  a  moveable 
diaphragm  alternating  between  them,  and  forcing  the  air  through  valves  opening  into  one 
common  uozle — or  unlefs  the  fyringe,  if  ufed,  be  made  to  z€l  both  ways,  namely,  by  the 
returning  as  well  as  by  the  dire£l  ftroke.  A  very  neat  and  compa£l  apparatus  for  the 
blow -pipe  might  be  made  in  this  way;  but  it  is  probable  that  the  confiderations  and  their 
advantages  may  be  more  particularly  applicable  to  the  large  engines  at  the  fmelting- 
works. 
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N  the  courfe  of  the  IsUt  trimeftre  we  have  had  the  misfortune  to  lofe  one  of  our  col- 
le^guety  Bectrand  Pelletier,  bom  at  Bayonne  in  1761.  His  life  was  confined  to  the  fliort 
fpace  of  36  years  \  but  his  a£Uons  have  left  an  impreflion  on  the  minds  of  men  which  time 
fhaU  not  efface. 

It  frequently  happens  that  young  men^  fincerely  defirous  of  in(lru£lionj  have  no  means 
or  place  where  they  can  be  aiEfted  in  the  development  of  their  natural  talents,  no  mailer 
who  may  point  out  the  dire£l  road  to  fcience,  and  that  order  and  method  without  which 
the  efforts  of  the  individual  too  often  lead  him  from  the  objeA  of  his  purfuit,  inftead  of 
bringing  him  nearer  to  it.  This  was  not  the  cafe  with  young  Pelletier.  He  found  every 
advantage  in  his  father's  houfe,  where  he  received  the  firft  elements  of  the  art  of  which  he 
was  afterwards  the  ornament  i  and  his  fubfequent  progrefs  was  made  under  our  colleague 
Darcety  who  having  remarked  in  him  that  (agadty  which  may  be  called. the  inilind  of 
fcience»  admitted  him  among  the  pupils  attached  to  the  chemical  laboratory  of  the  college 
of  France,  five  years  of  conftant  application  and  ftudy  under  fuch  a  mailer,  who  was 
himfelf  formed  by  nature,  perfeAed  by  experience,  and  afie£lionately  difpofed  towards  his 
pupil,  afibrded  this  young  man  a  flock  of  knowledge  very  unufual  at  his  age.  He  foon 
gave  a  convincing  proof  of  this,  by  publiihing,  at  the  age  of  21,  a  fet  of  very  excellent  ob- 
fervations  on  the  arfenical  acid.  Macquer,  by  mixing  nitre  with  the  oxyde  of  arfenic,  had 
difcovered  in  the  reCdue  of  this  operation  a  fait  fbluble  in  water,  fufceptible  of  cryilalliza- 
tion  in  tetrahedral  prifms,  which  he  denominated  the  neutral  arfenical  fait.  It  is  the 
arfeniate  of  potafli*  He  was  of  opinion  that  no  acid  could  decompofe  it  \.  but  Pelletier 
fliowed  that  the  fulphuric  acid  diililled  from  it  does  difengage  the  acid  of  arfenic.  He 
flipwed  the  true  caufe  why  the  neutral  arfenical  fait  is  not  decompofable  in  clofed  veffels, 
and  particularly  the  order  of  affinity  by  which  the  fait  itfelf  is  formed  in  the  diilillation  of 
the  nitrate  of  potafli,  and  the  white  oxyde  of  arfenic.  He  explains  in  what  refpe£ls  this  fait 
differs  from  what  Macquer  called  the  liver  of  arfenic.  Pelletier  had  been  anticipated  in 
thiswork  by  Scheele,  by  Bergmann,  by  the  academicians  of  Dijon,  and  by  our  colleague 
Berthollet ;  but  he  poffeffed  at  leail  the  merit,  in  the  firil  effay  of  his  powers,  of  having 
clearly  developed  all  the  phenomena  of  this  operation,  by  retaining  and  even  determining 
the  quantity  of  gas  it  was  capable  of  affording.  After  the  fame  principles  it  was  that  he 
decompofed  the  arfenico^ammoniacal  fait,  by  fliowing  how,  in  tlie  decompofition  of  this 
lad,  the  pure  arfenical  acid  is  obtained  in  the  form  of  a  deliquefcent  glafs.  In  this  ^\ork 
we  may  obferve  the  Sagacity  with  which  he  was  enabled  to  develope  all  the  phenomena  of 
thefe  compofitions  and  decompofitions,  by  tracing  thofe  delicate  threads  of  fcientific  con- 
nexion which  connecSl  the  feries  of  faAs,  and  are  imperceptible  to  ordinary  minds. 

Encouraged  by  the  fuccefs  of  thefe  firil  works,  which  he  prefented  with  the  fcnfibility  of 
grateful  attachment  to  his  inilrudlor,  he  communicated  his  obfervations  on  the  cryflalliza- 
tion  of  fulphur,  cinnabar,  and  the  deliquefcent  falts  \  the  examination  of  zeolites,  particu* 
larly  the  falfe  zeolite  of  Fribourg  in  Brifgaw,  which  he  found  to  be  merely  an  ore  of  zinc ; 
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obrervations  on  the  dephlogifticatcd  or  oxygenated  muriatic  acid,  rclatirc  to  the*abforption 
of  oxygcnc  j  on  the  formation  of  ethers,  particularly  the  muriatic  and  the  acetous-,  and  fcvc- 
ral  memoirs  on  the  operation  of  phofphorus  made  in  the  large  way,  its  converfion  into 
phofphoric  acid,  and  its  combination  with  fulphur  and  mod  metallic  fid>ftances. 

It  was  by  his  operations  on  that  mod  aftoniffaing  prodtt&ioA  of  cheariftry,  pbofphoru%, 
that  he  burned  himfelf  fo  dangeroufly  as  nearly  to  haveioft  his  life.  After  the  cure  of  hU 
wound,  which  confined  him  to  his  bed  for  fix  months,  he  immediately  began  the  analyfisof 
the  various  plumbagos  of  France,  England,  Germany,  Spain,  and  America,  and  fomid 
means  to  give  novelty  and  intereft  to  his  work  even  after  the  pubfication  of  Schede  on  the 
fame  objed.  The  analyfis  of  the  carbonate  of  bary tes  led  him  to  make  experiments  oti  ani- 
mals, which  prove  that  this  earth  is  a  true  poifon,  whether  it  be  adminiftered  in  the  form 
of  the  native  cat%onate  of  barytes,  or  whether  it  be  taken  from  the  decompoQtion  of  die 
fulphate,  even  though  again  combined  with  another  add. 

Chemifts  have  given  the  name  of  Strontian  to  a  newly-difcovered  earthy  from  the  name 
of  the  place  where  it  was  firft  found.  Pelletier  analyfed  it,  and  difcovered  it  in  the  fol- 
phate  of  barytes.  He  likewife  analyfed  the  verditer  of  England,  of  which  painters  and 
paper-hangers  make  fo  much  ufe.  He  difcovered  a  procefs  for  preparing  it  in  the  large 
way,  by  treating  with  lime  the  precipitate  obtained  from  the  decompofition  of  nitriite  of' 
copper  by  lime.  By  his  procefs,  verditer  is  afforded  equal  in  beauty  to  that  which  cornea 
from  England*  He  was  likewife  one  of  the  firft  chemifts  who  fliowed  the  poflibility  of 
refining  bell  metal,  and  feparating  the  tin.  His  firft  experiments  were  made  at  Paris; 
after  which  he  repaired  to  the  foundry  at  Romilly  to  verify  them  in  the  large  way.  The 
following  ^ear  he  was  received  a  member  of  the  Academy  of  Sciences  at  Paris,  and  ibortly 
afterwards  went  to  La  Fere,  with  our  colleague  Borda  and  General  Daboville,  to  allift  in  ' 
experiments  upon  a  new  gunpowder.  Being  6bliged,  in  order  to  render  his  experiments 
more  decifive,  to  pafs  great  part  of  the  day  in  -fStit  open  air  during  a  cold  and  humid  feafon^ 
his  health,  which  was  naturally  delicate,  became  confiderably  impaired.  He  began  to  re- 
cover his  health,  when  he  again  became  the  vifiim  of  his  zeal  for  the  fcience  he  fo  fuc-  ^ 
cefsfuliy  cultivated.  He  had  nearly  periQied  by  refpiring  the  oxygenated  muriatic  add 
gas.  A  violent  attack  of  convulfive  afthma,  which  returned  during  feveral  days,  was  the 
firft  confequence  of  this  unhappy  accident.  The  diforder  then  feemed  to  abate,  but  it  was 
incurable.  The  afliftance  of  art  was  infufficient  to  fave  hini,  and  he  died  of  a  pulmonarj 
confumpcion  in  the  flower  of  his  age. 

Such  was  the  man  whofe  premature  lofs  we  now  lament  His  attachment  for  the 
fcience  to  which  he  had  devoted  himfelf,  remained  during  the  whole  of  his  exiftence,  and 
in  the  laft  moments  of  his  life  it  formed  an  interefting  obje£l  of  his  converfation.  He 
poflcfied  that  activity  of  mind  fo  neceflary  to  the  refearch  of  truths  which  are  inacceffible 
to  men  of  cold  and  languid  fentiments.  As  a  man  of  fcience,  his  reputation  is  bright  and 
unblemifhed.  As  a  citizen,  his  private  virtues,  his  probity  and  good  conduct;  will  loQg 
continue  objefls  of  regret. 
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ExiraEts  from  the  Sjftlme  du  Monde  of  M.  La  Place  *. 

JL  H I S  work  of  La  Place  explains  cbe  leading  points  of  the  fyftem  of  the  world.     It  is  * 
as  it  were  an  abftrad  of  a  large  work»  in  which  this  profound  geometer  propofes  to  treat, 
the  fiune  objeds  by  the  principles  of  the  moft  fublime  geometry^  and  which  he  promifes 
foon  to  publi(h«     I  (hall  copy  fome  of  the  refults  of  this  author. 

<*  The  degree  meafured  at  the  Cape  of  Good  Hope  in  370  fouth  latitude  f ,  is  found  to 
W  30799918  feet,  which  is  tery  nearly  the  (ame  as  the  degree  of  France,  under  the  parallel 
of  50^,  and  greater  than  that  which  was  meafured  in  Pennfylvania,  at  the  latitude  of  43<>  56, 
of  which  the  length  is  no  more  than  307195,2  feet.  The  degree  of  the  Cape  is  alfo 
fteater  than  the  degree  meafured  in  Italy  in  the  latitude  of  47^  80,  which  was  found  to  be 
307680,6  feet.  Neverthelefs  it  ought  to  be  fmaller  than  every  one  of  thefe  degrees,  if 
the  eardi  were  a  regular  folid  formed  by  the  xevplution  of  a  meridbn  perfeAly  alike  on 
each  fide  of  the  equator.  Every  bSi  leads  us  to  conclude  that  this  is  not  the  cafe."'  Vol.  I. 
page  105. 

He  concludesy  that  the  terreftrial  meridian  is  a  line  of  double  curvature. 

<^  Terreftrial  bodies  fituated  under  the  equator  defcribe,  by  virtue  of  the  rotation  in  each 
fecond  of  time,  an  arc  of  40^'  1395  of  the  circumference  of  the  terreftrial  equator.  The 
radii  of  this  equator  being  19634778  feet  very  nearly,  the  verfed  fine  of  this  arc  is 
0,0389704  feet.  Gravitation  caufes  bodies  to  fall  at  the  equator  through  a  fpace  of 
1 1,23585  feet  in  one  fecond.  .  The  central  force  neceflary  to  retain  bodies  at  the  furface  of 
the  earth,  and  confequently  the  centrifugal  force  arifing  from  its  rotatory  motion,  is  to  gra- 
vity at  the  equator  in  the  proportion  of  i  io  288,3.  The  centrifugal  force  diminiflies  the 
weight,  and  bodies>  do  not  fall  at  the  equator  but  by  virtue  of  the  difference  of  the  true 
force.  If  we  therefore  ufe  the  word  grawtj  to  denote  the  total  weight  which  would  take 
place,  exduGvely  of  the  diminution  it  undergoes,  the  centrifugal  force  at  the  equator  .is 
extremely  near  -rj^th  part  of  gravity.  If  the  rotation  of  the  earth  were  1 7  times  more 
rapid,  the  arc  defcribed  in  a  fecond  at  the  equator  would  be  17  times  greater,  and  its  verfed 
fine  would  be  289  times  more  confiderable.  The  centrifugal  force  would  then  be  equal  to 
gravity,  and  bodies  would  ceafe  to  prefs  or  weigh  towards  the  earth  at  the  equator.'* 
Page  263* 

'*  To  explain  thedouible  motion  of  rotation  and  progrellionan  the  earth,  it  is  .fufficient 
that  the  fuppofition  be  admitted  of  the  primitive  impulfe  having  been  given  at  a  fmall 
diftance  from  its  centre  of  .gravity ;  which  diftance,  fuppofing  the,planet  to  be  homogeneous, 
muft  have  been  nearly  the  -riv^  f^tt  pf  its  radius."  Page  299. 

"  The  probability  is  infinitely  fmaU»  that  the  original  proje£Upn.of  the  planets,  fatellites, 
an4  comets^  ihottld  havtpafled  through -their  centres  rof  gravity.  All  thefe  bodies  muft* 
diacefore  iiave  a  rotative  moiion.  From  a  fimilar  reafon,  tht  fun,  which  turns  on  its  axis, 
muft  have  received  an  impulfe,  which  not  having  paffed  through  its  centre  of  gravity,  cac- 

*  Expofubn  dtt  Syftcme  du  Monde,  par  Pierre  Simoa  La  Place,  derinftttut  National'de  France  et  du  Bureau 
des  Longitudes,  t  vol.  in  8vo.  A  Paris  de  rimprimerie  du  Cercle  Social,  Ruedu  Th6&n«  Fruifoif,  No.  4.— I 
j^TC  not  the  wofk,  but  tranflate  from  Dr.  Lametherk,  in  the  Journal  de  l^hyfiqne,  Augoft  1794* 

t  Th«  author  divider  the  circle  into  400  partt . 
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rics  it  through  fpace  with  the  planetary  fyftcm,  unlefs  this  motion  be  fup  pofed  to  have 
been  dcllroyed  by  an  impulfc  in  the  oppofite  direction;  a  circumftance  by  no  means 
probable. 

"  The  impulfc  given  to  an  homogeneous  fphere,  in  a  direAion  which  does  not  p^^s 
through  Its  centre,  will  caufe  it  to  revolve  conftantly  round  the  diameter,  which  is  perpendi- 
cular to  a  plane  pafTing  through  its  centre,  aind.the  line  of  dirc6Hon  of  the  imprefl'ed  force. 
New  forces  a£ling  on  all  its  parts,  and  of  which  the  rcfult  pailes  through  its  centre,  will 
not  change  the  parallclifm  of  its  axis  of  rotation.  Thus  it  is  that  the  axis  of  the  earth 
remains  always  nearly  parallel  to  itfelf  in  its  revolution  round  the  fun,  without  its  being 
neceflary  to  fuppofe,  with  Copernicus,  an  annual  motion  of  the  poles  of  the  earth  round 
thofe  of  the  ecliptic.  > 

*'  If  the  body  poflefs  a  certain  figure,  its  axis  of  rotation  may  change  every  inftant.  The 
determination  of  thefe  changes,  whatever  may  be  the  forces  a£bing  on  the  bodies,  is  one  of 
the  mod  interefting  problems  of  mechanics  refpefling  hard  bodies,  on  account  of  its  con* 
neflion  with  the  preceflion  of  the  equinoxes,  and  the  iibration  of  the  moon.  The  folution 
of  this  problem  has  led  to  a  curious  and  very  ufeful  refult ;  namely,  that  in  all  bodies  there 
exift  three  axes  perpendicular  to  each  other,  round  which  the  body  may  turn  uniformly 
when  not  folicited  by  external  forces.  On  this  account  thefe  axes  have  been  called  principal 
axes  of  rotation. 

**  A  body  or  fyftem  of  bodies,  poflefling  weight,  and  of  any  figure  whatever,  ofcillating 
round  a  fixed  and  horizontal  axis,  forms  a  compound  pendulum.  No  other  pendulum 
exifts  in  nature.  The  fimple  pendulums  fo  frequently  treated  of  are  pure  geometrical  coa- 
ceptions^  proper  to  fimplify  the  obje£ls  of  difcuiEon.  It  is  eafy  to  refer  to  thefe  fuch  com- 
pound pendulums  as  have  their  parts  immoveably  fixed  together.  If  the  length  of  the 
fimple  pendulum,  whofe  ofcillationt  are  ifochronous  with  thofe  of  the  compound  pendulum, 
be  multiplied  by  its  total  mafs,  and  by  the  diftance  of  its  centre  of  gravity  from  the  axis  of 
ofcUlation,  the  produA  will  be  equal  to  the  fum  of  the  produfb  of  each  particle  of  the 
compound  pendulum,  multiplied  by  the  fquare  of  its  diftance  from  the  axis*  It  is  by 
means  of  this  rulci  difcovered  by  Huyghens,  that  experiments  with  compound  pendulums 
have  been  applied  to  (hew  the  length  of  the  fimple  pendulum,  which  beats  feconds.'' 

The  author  enters  into  a  confiderable  detail  refpe£ling  the  atmofpheres  of  the  planets. 
<*  In  all  the  changes  to  which  the  atmofphere  is  fubjefl:  (fays  he,  vol.  ii.  p.  128.)  the  fum 
of  theprodu^  of  the  particles  of  the  revolving  body  and  its  atmofphere,  multiplied  re- 
fpe£lively  by  the  areas  they  defcribe  round  the  common  centre  of  gravity,  the  radii  being 
projeAed  on  the  plane  of  the  equator,  remain  the  fame  in  equal  times.  Suppofing,  there- 
fere,  that>  by  any  caufe  whatever,  the  atmofphere  fhould  become  contracted,  or  that  part 
thereof  (hould  become  condenfed  on  the  furface  of  the  body,  the  rotatory  motion  of  the 
body  and  its  atmofphere  would  be  accelerated  :  for,  the  radii  ve£^ores  of  the  areas  de- 
fcribed  by  the  particles  of  the  original  atmofphere  becoming  fmaller,  the  fum  of  the  pro- 
du£ls  of  all  the  particleSi  by  dieir  correfponding  areas,  cannot  remain  the  fame  unle&  the 
vefocity  be  augmented. 

**  The  atmofphere  is  flattened  towards  the  poles,  and  fwelled  out  at  the  equator.  But 
this  oblatenefs  has  its  limits  •,  and  in  the  cafe  where  it  is  greatcft,  the  ratio  of  the  polar  and 
equatorial  diameter  is  as  two  to  three. 

<^  The 
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''^  The  limoiphere  cannot  extend  itfelf  at  the  equator  to  a  greater  diftanee  than  to  the 
rplace  where  the  centrifugal  force  is  txzQXj  equal  to  the  force  of  gravity.  With  regard  to 
the  fun,  this  point  is  remote  from  its  centre  to  a  diftance  meafuring  the  radius  of  the 
t)rbtt  of  a  planet  which  would  make  its  revoludon  in  the  fame  period  as  that  luminary  etfi* 
^loys  in  its  rotation*  ^befalar  aima^^bere  cannot  therefore  extend  to  the  orbit  of  Mercury ;  and 
cgnfequently  it  cannot  produce  the  zodiacml  lights  which  appears  to  extend  even  beyond 
the  orjbit  of  the  earth. 

^*  The  point  where  the  centrifugal  force  Wlances  that  of  gravitation  is  nearer  the  body 
Che  more  rapid  its  rotation.  If  we  conceive  the  atmofphere  to  extend  A  far  as  this  limit, 
and  afterwards  to  contrad  and  condenfe  by  cooling  at  the  furface  of  the  body,  the  motion 
of  rotation  wiU  become  more  and  more  rapid,  and  the  extreme  limit  will  continually  ap- 
proach towards  the  centre.  The  atmofphere  will  therefore  fucceflively  in  the  place  of  the 
equator  abandon  zones  of  fluid,  which  will  continue  to  circulate  round  the  body,  becaufe 
their  centrifugal  force  is  equal  So  their  gravity.  But  as  this  equality  does  not  obtain  with 
vegard  to  the  parts  of  the  atmofphere  diftant  from  the  equator,  they  will  not  ceafe  to  ap<> 
pertain  to  die  planet.  It  is  probable  that  the  rings  of  Saturn  are  fimilar  zones  abandoned 
by  iu  atmofphere.*'  (Vol.  ii.  p.  125.} 

^<  As  the  motions  of  the  planets  and  their  fatellites  are  performed  nearly  in  the  fame 
plane,  we  muft  fuppofe  one  caufe  to  have  a£led  on  all  thefe  bodies  ^  and  from  the  prodi-^ 
gious  diftances  between  theoit  it  muft  have  been  a  fljgid  of  immenfe  extent.  To  have  given 
them  in  the  fame  diredlion  a  motion,  nearly  circular^  about  the  fun,  it  is  neceflary  that  the 
fluid  muft  have  furrounded  that  ftar  as  an  atmofphere*  The  confideration  of  the  planetary 
movements  lead  us  therefore  to  think,  that  by  virtue  of  an  exceflive  heat  the  atmofphere  of 
the  fun  was  originally  extended  beyond  the  orbits  of  all  the  planets,  and  that  it  gradually 
contrafled  in  procefs  of  time  to  its  prefent  limits.  Theie  eiFe&s  may  have  taken  place 
by  caufes  finiilar  to  that  which  occafioned  the  Arong  light  for  feveral  months  in  the  famous 
ftar  which  in  the  year  1572  appeared  all  at  once  in  the  conftellation  of  Caffiopeia. 

*<  The  great  eccentricity  of  the  orbits  of  the  comets  leads  to  the  fame  refult.  It  evi- 
dently indicates  the  difpoiition  of  a  great  number  of  k&  eccentric  orbits  -,  a  drcumftance 
which  fuppofes  an  atmofphere  round  the  fun  extending  beyosid  she  perihelia  of  the  ob- 
fervable  comets,  which,  by  defiroying  the  motions  of  thofe  whijJ^  happened  to  pafs  within 
it  during  the  time  of  its  greateft  extent,  united  them  to  the  "Sody  of  the  fun«  Hence  it 
follows,  that  no  other  comets  can  at  prefent  be  in  einftence,  bvt  Ibdi  as  were  at  that  time 
beyond  that  interval.  And  as  we  cannot  obferr e  any  comets  but  tiicdfe  whic^  come  near 
the  fun  in  their  perihelium,  their  orbits  muft  be  very  eccentric.  It  alfo  follows^  that  their 
inclinations  muft  offer  the  fame  irregularides  as  if  thele  bodies  had  been  proje^led  cafually  \ 
becaufe  the  folar  atmofphere  has  not  influenced  their  modons.  The  long  time^  employed 
by  the  comets  in  their  revolutions,  the  great  eccentricity  of  their  orbits,  and  the  variety  of 
their  inclinations,  are  therefore  very  naturally  explained  by  means  of  this  atmo^here. 

<'  But  in  what  manner  have  the  movements  of  revolution  and  rotation  of  the  plapets  been 
effe£led  ?  If  thefe  bodies  had  penetrated  as  fudi  into  the  atmofphere  of  the  (un,  its  refiftance 
muft  have  caufed  them  to  fall  to  its  furface.  We  may  therefore  conjedhire  that  they  were 
formed  at  the  fuCceffive  limits  of  that  atmofphere,  by  the  condenfation  of  the  zones  which 
it  muft  have  abandoned  in  the  plane  of  its  equator  during  its  cooling  and  condenfation  at 

Vol.  IL— April  1798.  G  ^  the 
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the  furface  of  that  ftar.    We  may  alfo  conje dure,  that  the  fateUites  have  been  formed  in  • . 
like  manner  by  the  atmofpheres  of  the  planets.    The  five  phenomena  aborementioned  natn^ 
rally  flow  from  theft  hypothcfes^  to  which  the  rings  of  Saturn  aflbrd  additional  probability.^* ' 
(Vol.  ii.  p.  301.) 

The  five  phenomenaenumerated  by  the  author  are :  (i)  The  motions  of  the  planets  in  the 
fame  dire£lion  and  nearly  in  the  fame  plane.    (2)  The  motions  of  the  fateliites  in  die  fame 
direflion  as  the  rotations  of  their  planets.      (3)  The  rotations  of  thefe  different  bodies  and- 
of  the  fun  in  the  fame  dire^iion  as  their  projeftile  motion,  and*  in  planes  very  little  differ*  - 
ing  from  each  other  5  and  laftly,  (4)  TTie  eccentricity  of  the  cometary  orbits.  ' 

This  great  eccentricity  of  the  comets,  and  their  motions  in  all  direfUons,  appear  to  the 
author  a  fufficient  reafon  to  conclude,  that  their  origin  is  different  from  diat  of  the  planets/- 
He  afterwards  enquires  into  the  probability  that  a-comet  may  ftrike  the  ^obe  of  the  earthy . 
and  deftroy  its  prefent  regularity  of  appearance,  &c. 

Thefe  are  his  words,  (vol;  ii.  p,  60.)     '^  The  fears  which  the  appearance  of  comets  at^ 
that  time  infpired,  were  fucceeded  by  an  apprehenfion  of  another  nature  ;  left,  among  the 
great  number  which  traverfe  the  planetary  fyftem  in  every  dire&ion,  one  of  them  fliould 
deftroy  the  earth.     Theypafs/o  rapidly  near  us^  that  the  effeEl  of  their  aitraEtion  is  not  to  if 
feared.    It  is  only  by  afiually  ftriking  the  earth  that  they  could  produce  the  dreadful  efie'£l : 
but  the  (hock,  though  poflible,  is  lb  very  improbable  in  the  courfe  of  an'age ;  it  would  re^ 
quire  fo  extraordinary,  a  chance  for  the  concurrence  of  two  bodies  fo  fins^  witbTcfpeA  to; 
the  immenCty.  of  the  fj^ace  in  which  they  move,  that  no  reafonable  groimd  of  fear  can  be- 
maihtained  in  this  behalf.   Neverthelefs,  the  fmall  probability  of  fuch  an  event,  if  itbe  con^^ 
l^dered  with  refpe£l  to  a  long  feries  of  ages,  may  become  very  great.     It  is  eafy  to  imagine 
die.effeAs  of  fuch  a  (hock  upon  the  earth.    The  axis  and* rotatory  motion  being  changed, 
the  feas  abandon  their  former  pofition,  and  rufh  to  the  new  eqiuatory  great  part  of  the 
men  and  animals  drowned  in.  this  univerfal  delug^,  or  deftroyed  by  the  violent  ftrokcr 
impreiTed  on  the  terreftrial  globe  ;  entire 'fpecies  annihilated ;  all  the  mbnuments  of  hum^n  ; 
induftry  fwcpt  away;— fuch  are  the  dif^fters  which  might  enfuefrom  the  (hock  of  a  comet. 
We  fee  therefore  .why  the  ocean  has  formerly  covered  the  high  niountains,  on  which  it  has 
left  indubitable  marks  of  its  pjitfenee  \^  how  the  plants  and  animals  of  the  foutli'may  have 
exifted  in  the  climates  of  the  north,  where  their  remains  and  impreflions  appear;  and  laftly, 
by  an  event  of  this  kind,  we  may  explain  the  novelty  of  the  moral  worlds  the  regular  procefles 
of  which  can  fqarcely  be'traced  beydftd^three  thoufand  years.    The  human  fpecies  reduced 
to  a  very  fmall  number  of  individuals,  and  to  the  moft  deplorable  ftate,  entirely  occupied 
for  a  long  /cries  of  time  in  tl^e  care  of  its  .own  prefervation,  muft  have  totally  h)ft*  the  re- 
membrance of  thcTclences  and  the  arts  5  anil  when  the  progrefs  of  civilization  g^ave  efficacy  to 
wants  of  lefs  .immediate  preQure,  it  became  neceflary  to  repeat  again- the  varidus  gradations 
of  invention,  as  if  men  ha'd  then  for  the  firtl  time  been  placed  on  the  earth.    But  however 
adequate   the  ca'ufc  may  be  to  thefe  phenomena,  for  which  it  is  afligned  by  fome  philo- 
fQphers^l  repeat,  that  we  may  be  perfeclly  at  out  eafe  with  regard  to  fo  terrible  an  event 
diiring  the  Oiort  interval  of  life  individual." 
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'X)ii^e  Preparaiicn  of  concrete  Jcid  ff  Limttns.  .  JBy  Z)/zi,  Apotl^cary  in  Chief  u  the  Frenck 
'  Armjiyjfhargei  ^kh  the  InfpeBion  of  the  General  Magazine  of  Medicines  ♦. 


X  HOUGH  nature  prefcnts  us  with  the  citric  acid  nearly  in  a  difengaged  (late,  it  it 
neyerthelefs  confounded  in  lemon  juice  with  an  extraAive  mucilaginous  niatteri  which  op- 
pofes  the  union  of  its  cryftallizable  particles,  and  which  cannot  be  feparated  by  the  Cmple 
procefs  of  evaporation  and  expofure  to  cryftallize. 

Scheele  was  the  firft  Who  obtained  this  acid  in  the  folid  fonn.  In  the  year  1774,  G^brgius 
in  Sweden,  and  afterward^  Du  Buidbn  in  France,  publiihed  obfervations  on  die  method  of 
concentrating  and  preferving  lemon  juite.  Although  their  labours,  as  well  as  the  experi-* 
ment  of  Stahl  and  Guy  ton,  could  not  determine  the  cryftallization  of  this  acid,  it  is  nerer- 
thelefs  certain  that  their  refearches  were  very  ufeful  to  affift  Scheele  in  his  difcovery  of  the 
procefs  he  has  left  us. 

I  availed  myfelf  of  an  opportunity  to  repeat  the  procefs  of  Scheele  in  the  large  way,  mA 
to  iniifl  on  an  eflential  obfervation,  which  that  chemift  has  not  fufficiently  developed  ;  for 
k  is  one  of  the  neceflary  conditions  for  fuccefs  in  the  cryftallization  of  ijiis  vegetable  acid. 
SclicelCj  aftcjr  fevcral  unfavourable  attempts,  advifes  the  feparatidn  of  the  eztra£live  and 
Jhucitaglribiiii  inafter  of  lemon  juice,  by  unking  the  citric  acid  to  thebafis'  of  calcareous  car- 
box^ate,  i^fith  which  it  forms  a  citrate  of  lime,  that  precipitates  on  account  of  its  fparing  fo-f 
liibility,  while  the  extniQive  and  mticous  matter  remains  diflblved  in  the  fluid.  T^Js  citrate 
of  lime  is  afterwards  decompofed  by  a  fuflBcient  quantity -of  fulphurie  aci*  diluted  witK 
water,  witfe  the  ptecautioti  to  add*  an-excefs  of  this  hft  acid<^  The  blphuric  i€A  Seizes  the 
lime  from  Ac  citric  acid^  and  forms  a  fulphate,  whkh  falls  to  the  bottom  becaufe  nearly 
inlblublej  vJhile'thc  cftric  acid,  being  iet  at- liberty,  is  diflblved  in  the  water  with  Which 
the  fulphuric  acid  was  dihited.    *  - 

filtration  and  wafhing  with  cold  water  feparate  the  citric  acid  entirely  from  the  fulphate 
of  lime,  and  it  naay  be  afterwards  obtained  in  the  concrete  (late  by  evaporation  in  ftone«' 
Ware  veffcls,  at^thc  tempterfure  of  boiling  water.  I  have  obferved  that  it  is  very  4ifeful  to 
fulj^tntf  the  evaporation  every  two  days,-  in  order  to  permit  the  fulphate  of  lime,  which-  \» 
fttfpended  by' the  affiftahce^f  the  citrie  aeid,  to  fall  down. 

The  citric  acid  which  I  have  prepared  is  the  produdl  of  feveral  chefts  of  lemons.  The 
jnafs  of  calcareous  citrate  which  was  decompofed  was  foniewhat  confiderable,  and  the  ope** 
ration  was  performed  in  large  ftone-ware  ▼eflcls.  The  fulphate  of  lime  obtained  by  the  de«i 
cbmpbfition  of  the  calcareous  icitrate  was  wdl  waflied  in  tabs  of  white  wood.  The  dif.. 
ferent  Uquors  were  united  together  foi*  evaporation  in  ftone-ware  vefieb,  at  die  tenw 
perature  of  boiling  water.  They  were  clear,  light-yellow,  and  contained  an  excefs  of  ful- 
phuric acid.  .       . 

As  foon  as  the  liquors  were  fufficiently  conceiitl^ated  by  evaporation,  Ae  fulphuric' acid 
exerted  its  aft  ion,  and  the  yellow  colour  became  brown,  and  even  blackifli  at  the  end  of 

'  •  Read  to  the  National  Inftitute  of  France,  and  copied  in  the  Journal  dc  Phyfiquc,  pul)Ii(he4  to  fuppiy  the 
dcfea  of  the  number  for  Septnnber  1794* 
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the  eraporidon.    The  mafs  of  cryftals  which  was  taken  out,  after  eooHng  and  three  dayr 
repofe,  was  confiderable  and  black. 

I  fufiered  thi&faline  mafs  to  drain  in  ofier  balkets»  while  the  evaporation  and  cryftalliza^ 
tion  of  the  remaining  fluid  were  performed.  When  this  firft  operation  was  ended,  the  whole 
of  the  faline  mafs  was  re-diflblved  in  a  fuCGcient  quantity  of  cold  water,  and  filtered  through 
ftrainers  of  linent  covered  with  filtering  paper- 

The  Iblution  which  pafled  the  filter  was  clear,  but  of  a  dirty  brown,  and  the  greateft 
quantity  of  the  matter  which  had  blackened  the  cryftals  remuned  behind*  This  was  again 
evaporated,  left  to  cryftallize,  and  in  this  manner  exhaufied  of  the  citric  acid.  The 
cryftals  were  now  yellow,  and  more  regularly  figured.  By  a  third  folution,  filtradon, 
and  evaporation,  the  cryftals  were  again  obtained  wlute,. regular,  and  of  the  greateft 
purity.  The  black  matter  depofited  on  the  filter  was  fo  trifling  that  it  formed  a  Tcry 
flight  covering. 

Scheclc,  who  was  content  with  having  proved  the  poiCbility  of  obtaining  this  Tegetable 
acid  in  a  concrete  ftate,  could  not  determine  its  natural  form,  becaufe  he  operated  on  fiich 
finall  quantities. 

My  refults  afibrded  cryftals  as  large  as  are  ufually  obtained  finom  the  ordinary  proceflea 
of  faline  folution,  and  as  eafily  to  be  defcribed.  They  prefent,  on  fimple  infpedion^ 
rhomboidal  prifms,  the  fides  of  which  are  inclined  to  each  other  in  angles  of  about  120 
and  60  degrees,  temunated  at  each  end  by  four  trapezoidal  faces  which  include  the  folid 
angles. 

I  have  before  remarked,  diat  Schcele  had  obferved,  as  one  of  the  conditions  efl[ential  to 
the  ready  cryftallization  of  the  citric  acid,  to  add  a  {mail  quantity  of  fulphuric  acid  in  ex- 
ceis  beyond  the  exaA  quantity  oeceflary  to  dccompoie  the  calcareous  citrate.  The  remark 
of  this  chcmift  not  being  fbUawtd  by  any  explanation,  my  trials  in  the  large  way  have 
pQroved  the  great  difoemmenc  of  the  cbemift  of  Gottingen  ;  and  that,  if  he  had  operated 
on  a  quantity  of  lemon  juice  equal  to  that  which  I  purified,  ^  would  have  afcertained 
^  reafons  why  this  exceft  of  acid  was  found  to  be  neceflfary  in  his  more  confined  expe- 
riments. 

Having  i^rtained  that  the  black  matter  remaining  on  the  filters  in  this  procefs  is  char- 
coal, it  follows  that  it  could  not  have  been  afibrded  but  at  the  expence  of  a  confiderable 
portion  of  the  mucilaginous  matter  of  the  lemon  juice,  which  the  citric  acid  had  carried 
with  it  in  its  combination  with  the  bafe  of  the  calcareous  carbonate  \  and  that  afterwards 
when  the  citrate  is  decempofed,  the  excefs  of  fulphuric  acid  is  required  to  decompofe  thia 
mucUage,.  and  precipitate  the  carbone,  as  (bon  as  the  fluid  begins  to  be  condenfed  by  eva- 
poration. The  ingenious  experiments  of  Fourcroy  and  Vauquelin  prove  the  nature  of  the 
wBmn  of  fe^hvfric  acid  en  vegetable  Matter,  and  ftrongly  confirm  my  indudioos  \ 

Lemon 

^  For  theie  imiportant  exptrimentt  fee  Philof.  Journal  I.  38$.— In  order  to  (hew  that  mucilage  enters  into  the 
citrate  of  lime,  and  that  it  is  decompofed  bj  fulphuric  acid,  itieeras  neceflary  to  make  the  experiment  with  only 
a  very  minute  exceft  of  the  latter.  Schtiele  thought  the  acid  (Eflays,  p.  s^x.)  in  the  citrMe  to  be  pnre,  wA 
he  required  an  excefs  of  fulphuric  acid  to  be  added  to  infure  the  faturation  of  the  whole  of  the  lime.  I  would 
propofe  to  the  coniidenition  of  the  lesfMI  author  U  ihi^popery  to  aicertatn  whether  it  be  not  a  portion  of  the 
acid  itfelf  which  is  altered  and  made  to  dcpofit  carbone.    If  k,  the  Icla  the  fiirplus  of  f»iphuck  acid  the  be ttsr ; 
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Lemon  jvtoe  feparated  from  aU  the  mucous  matter  which  fatb  down  by  expofure  to  die 
contact  of  the  air  for  a  fiew  hours,  that  is  to  fay,  fuch  as  it  ought  to  be  for  ufe  in  medicine 
or  the  arts,  marks  five  degrees  of  denfity  by  the  areometer  for  falts  of  Baume  (fpecific  gr»» 
vity  I  •034).  One  hundred  pounds  of  tUs  juice  require  for  (aturation  fix  pound*  four 
ounces  of  calcaaeous  carbonate.  The  citrate  of  lime,  after  being  well  waA^d  and  driedf/:^  ^^^  -}<<^^  6./  :;/; 
wdghs  twenty  pounds. 

One  pound  of  pure  cryftallized  acid  of  lemons  di&lred  in  a  fufficient  Quantity  of  witer^  ^ 
demands  one  pound  of  carbonate  of  lime  for  its  faturation.  In  this  expenment  the  weight  fc^  Cr,-  j  ^  c  3  ^  ^ 
of  eakareons  dtrate  has  diminifhed  the  mafs  rather  more  than  one-fourth  part,  tnftead  of 
sncreaGng  it  upwards  of  two-thirds,  as  in  the  foregoihg  combination.  Whence  it  may  be 
concluded,  that  one  hundred  pounds  of  lemon  juice  faithfully  prepared,  and  of  the  (Ircngth 
of  five  degrees  by  Baume's  areometer  for  {alts,  contain  fix  pounds  four  ounces  of  pure 
.  concrete  acid.  This  ferves  to  explsun  two  phenomena ;  that  is  to  fay,  the  increafe  of  I3lbs. 
i2oz.  in  the  calcareous  citrate  from  lemon  juice,  and  the  prefence  of  mucilaginous  matter 
diflblved  in  that  liquid,  which  enters  into  the  combination  of  the  calcareous  citrate,  and  is 
srf^terwards  decompofed  by  the  exccfs  of  fulphuric  acid  neceflary  to  be  added  when  that 
citrate  is  decompofed. 

One  ounce  of  diftilled  water  dlflblves  an  ounce  and  two  drams  of  citric  add,  and  pro^ 
duces  13  degrees  (R-)  of  cold  by  the  folution.  A  like  quantity  of  diftilled  water  diflblirei 
twice  its  weight  of  this  acid,  when  it  is  heated  to  80  degrees,  or  the  boiling  temperature. 
One  hundred  parts  of  dtric  acid  diflblved  in  a  fufficient  quantity  of  diftilled  water,  boiling 
ho^.  diiblve  50  parts  of  calcareous  citrate. 

A  lemonade  of  the  moft  agreeable  tafte  and  appearance  may  be  had  By  diflbhring  40 
grains  of  citric  acid  in  a  j>int  of  water,  with  the  addition  of  a  fufficient  quantity  of  pure 
fiigar.    It  may  be  rendered' fragrant  by  diflblving  a^fmall  quantity  of  oleo-faccfaarum,  pre- 
pased  by  rubbuig  a  lemon  on  a  lump  of  fogar.    The  fugar  imbibes  the  volatile  oil  of  the 
kmon,  and  renders  it  fbluUe.    It  is  etfy  by  liiis<  means  to  preierve  the  whole  of  the  vo^ 
latile  oil  of  u  number  of  lemons*    The  oleo-faccharum  thus  obtained  may  be  mixed  in  a. 
mortar  witha  (Ufficient  quantity  of  fugar.    The  mixture  ia  then  to  be  dried  by  a  gentle : 
heat,  and  preferved  in  well  cIofed.g)a(s  vefiels.    This  mediodof  procuring  the  flavour  of 
lemons  at  all  tifiies  is  pre&rable  to  employing  the  volatile  oil  obtained  by  diftiliation.    The. 
a£Uon  of  fire  communicates  to  this  hft  an  acrid  flavour,  eafily  difiinguiihed  by  a  delicate: 
taftc, 

I  fliall  finiih  my  obfervations  by  enumerating  fome  of  the  cbaraAers  of  this  add,  whem 
mixed  with  different  earthy  and  meuUic  folutions. 

Solutions  of  the  acctites  of-  magnefia,  lime,  alumine,  of  the  muriates  of  barytes,  lime,, 
alumine^  and  magnefia,  and  of  the  nitrates  and  fulphates  -of  thelb  fame  fubftanoes,  do  not 
undergo  any  change  by  the  prefence  of  the  dtric  acid; 

The  muriates  and  nitiates  of  aine,  die  fulphatc,  muriate,  nitrate, .  and  acetite  of  copper, . 

but,  OB  the  other  hand,  if  hit  iafcrence  he  contA,  the  furplut  muft  be  a  definite- qumntitj,  namely,  fufficient 
to  deftroj  the  madlage.  The  difoenoe  of  weight  in  the  citrates  fiMintd  by  the  crude  and  the  punfied  acids 
wiih  equal  dofct  of  Ikne,  as  neationcd  in  a  fuMequ«Dt  parapvphy  may  arilb  either  from  the  prefence  of  ma* 
cilage  in  the  former  acid,  or  a  change  of  afiaity  Ibr  li»e  pcodttccd  iby  the  re«a6tiou  of  the  exotft  ^  l^lpharie 
on  the  latcfs :  but  esperinMatinttft  dsttn&lac  which.    H* 

and 
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and  the  nitrate  of  lead»  are  not  decompofed»  but  the  aeetite  of  lead  is  immediately  deeom« 
pofed  and  precipitated  in  a  white  powder.    The  nitrate  and  aeetite  of  mercury  are  alfo  de- 
compofed,  and  the  mercurial  citrate  which  falls  down  iis  a  flaky  falt|  of  a  brkk-dull  co« . 
louTf  more  or  lefs  red.    The  citric  acid  gives  a  green  tinge  to  the  folution-of  the  aeetite  and' 
fulphate  of  iron. 

The  quantity  of  citric  acid  which  I  obtained  being  confiderablei  I  intend  hereafter  to. 
give  an  account  of.  the  phenomena  it;  exhibits  in  its  different  eombinations. 
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Ufe/ul  Notices  refpeBing  various  Ohje^s. '^Governor  for  regulating  the    Motions  of  Steam^ 

Engines.-^ Amelioration  of  Oil. 
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I.    Governor  for  regulating  the  Motions  ofSteaen^^Englnes* 


H  E  apparatus  mentioned  page  424  of  the  prefent  work  by  the  name  of  a  Gfovemor^  is 
:  there  fuppofed  to  be  the  invention  of  Mr.  Watt.  My  fuppofition-  was  grounded  upon  no 
other  fad  than  that  of  having  feen  it  in  his  engines.  It  was  invented  by— — ^Bunce^  Efq. 
of  the  Admicaltyy  who  applied  it  to  a  crane  feveral  years  ^go,  the  conftr.u£lion  of  which 
was  communicated  to  the  Society  of  Arts,  foon  after  which  period  it  was  adopted  in  fteam- 
engines.  I  cannot  now  refer  to  the  volumei  as  I  do  nocpoflefs  the  let.  But  I  had  ihe  in- 
formation from  the  inventor  himfeli^ 

•2.   Amelioration  of  Oil • 

EVERY  one  who  bos  occafion  to  ufe  lamps  muft  be  (enfible  that  die  colour  of  the  lights 
as  well  as  the  quantity  and  kind  of  difagreeable  vs^ur  emitted  from  the  flame,  depends 
greatly  on  the  quality  of  the  oil.  When  oil  is  kept  in  an  open  veflel,  it  gradually  becomes 
more  and  more  oxygenated,  and  at  the  fame  time  lefs  fluid.  For  both  thefe  reafons  it  is 
iefs  fit  for  ufe.  It  is  lefs  combuftible,  and  lefs  adapted  to  pafs  between  the  fibres  of  the 
wicl^.  Thefe  obfervations  point  out  the  expediency  of  keeping  oil  in  well-clofed  veflels. 
The^fluidity  of  whale-oil,  and  the  facility  of  its  eombuftion,  maybe  confiderably  augmented 
by  an  addition  of  cold-drawn  linfeed  oil. 

It  is  well  known  that  oil  may  be  rendered  purer  by  agitation  with  water,  more  particu- 
larly with  the  addition  of  an  acid.  The  efFc£k  of  this  procefs  is  ftated  to  be,  that  it  carries 
off  a  portion  of  mucilage,  which  is  not  adapted  to  anfwer  the  purpofes  to  which  oil  is  applied. 
It  may  eafily  be  imagined,  however,  that  oil  thus  treated  will  retain  a  portion  of  aqueous  or  fa- 
line  matter,  which  may  render  it  unfit  to  be  applied  to  the  moving  parts  of  inftrumcnts  for 
the  purpofe  of  diminifliing  fridlon.  Some  clock  and  watch  makers  expofe  olive-oil  to  the 
atmofphere  in  frofty  weather  5  and  feleft  that  portion  which  they  find  to  continue  fluid 
after  a  confiderable  part  is  frozen.  This  proceeding  is  grounded  on  the  fuppofition,  that 
the  oil  may  confift  of  two  different  fluids,  one  of  which  is  fuppofed  to  congeal  in  a  lefs  heat 
than  the  other  \  and  that  this  congelation  is  the  principal  evil  which  happens  to  the  oil  in 
i  time-pieces.    It  does  not  feem  probable  that  either  of  thefe  fuppofitions  are  well  femded. 

Tor 


For  die  whole  of  the  oil  will  freeze,  if  time  be  allowed ;  and  the  thickening  of  this  fluid 
appears  to  be  produced  by  chemical  change,  and  not  by  mere  cooling.  Mathematical  inftru- 
ment-makers,  direded,  as  I  imagine,  by  experience  only,  find  that  oil  is  greatly  improved 
by  ezpofore  to  light,  which  it  is  aflerted  caufes  it  to  depofit  mucilage.  A  very  exquifite  re- 
gulator having  the  dead-beat  fcapement  of  Graham,  which  requires  oil  on  the  pallets,  was 
found  to  go  much  more  fteadily  when  this  oil  was  ufed,  inftead  of  the  oil  commonly  ap« 
plied  to  fuch  inftruments. 

Mod  of  the  fafts  here  ftatcd  rcfpefting  oil  were  communicated  to  me  by  an  intelli^nt 
cultivator  of  the  fciences,  whofe  name  I  forbear  to  add  becaufe  I  negledted  to  aflc^  pemuf- 
fion  for  that  purpofe> 
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HAT  Sidseaton  was  a  man  of  Urong  natural  powers  and  great  induftry,  that  his  expe- 
rience and  ol^iVations  were  eztenfive,  and  his  fuccefs  highly  to  the  credit  of  himfelf  and 
his  country,  are  too  well  known  to  be  infifted  upon.  This  firft  volume  of  his  Reports  is 
publifhed  at  the  expence  of  Sir  J.  Banks,  Capt-  J.  Huddart,  Wm.  Jeflbp,  Robert  Milne, 
and  John  Rennie,  Efqrs.  conditionally  that  the  profits  fliould  be  given  to  Mr.  Smeaton's  re- 
prefentatives.  If  this  liberal  efibrt,  by  which  the  nation  is  benefited  by  fo  valuable  a  mafs 
of  pra£Hcal  information,  (hould  be  attended  with  fuccefs,  another  volume  will  appear,  con- 
taming  the  remainder  i>f  theTfofeflional  Reports  of  this  great  engineer.  I  (hall  take  the 
earlieft  opportunity  of  communioating  the  general  principles  ufed  and  adopted  by  Smeaton, 
in  a  paper  I  intend  to  draw  up-  refpedilig  the  relative  value  and  cStGt  of  firft  movers,  and 
other  elementary  pUe6is  of  dailj;  ufe  to  engineers  \  and.  in  the  mean  time  (hall  avail  myfelf 
of  the  Preface-,  Tiearly  Verbatim,  \to  thefe  Reports,  to  give  fome  account  of  the  Society  of 
Gvil  Engineersv 

The  origin  of  the  "Society  of 'Civil  Engineers  took  its  rife  from  the  following  circum- 
flances  :-^Biefore  or  ab^ut  the  year  1760,  a  new  xra  in  all  the^r±sand'-fciences,  learned  and 
polite,  commenced  lii  this  country.     Every  thing  which  contributes  to  the  comfort,  the 
beauty,  and  the  profperity  of  a  country,  moved  forward  in  improvement  fo  rapidly  and  - 
fo  obvioufly  as  to  mark  that  period  with  particular  diftinf^ion. 

The  learned  Societies  extended  their  views,*  their  labours,  and  their  obje£ls  of  refearch. 
The  profefTors  of  the  polite  arts  aflbciated  together  f6r  the  firft  time  5  arid  they  now  enjoy 
a  protcftioh  favourable  tO'ifripfovcment,  and  not  lefs  honourable  to  real  merit  than  to  the 
Public  and  the  Throne,  which  have  with  one  accord  promoted  their  profperity. 

Nor  have  thefe  exertions  failed  of  producing  the  adequate  eflfefls,  comparing  the  prefent 
with  the  paft  ftate  of  things* 

Military  and  naval  eftabliOiments  were  madef  o\  enlarged^  to  promote  and  extend  the 
true. knowledge  on  which  thefe  fciences  depend. 

I  The 


48  Origlm  9ftti  SocSeiy  rf  ChU  Effginifrs* 

The  niTy  of  England  fails  now  uneondrouled  in  every  part  of  the  haUtable  worldt  and 
berfiiips  of  war  defy  the  combined  power  of  all  other  maritime  iiationt. 

It  was  about  the  fame  period  that  maniifa£lures  were  extended  on  a  new  plan,  by  the 
enterprife,  the  capital,  and^  above  all,  by  the  fcience  of  men  of  deep  knowledge  and  peric- 
vering  indudry  engaged  in  them. 

It  was  perceived  diat  it  would  be  better  for  eftablifliments  to  fet  down  on  new  fituations, 
beft  fuited  for  raw  materials  and  the  labour  of  patient  and  retired  indufiryi  than  to  be 
plagued  with  tBe  mi&rable  little  politics  of  corporate  towns,  and  the  wages  of  their  extras 
vagant  workmen. 

This  produced  a  new  demand,  not  thought  of,  till  then,  in  this  country — internal  navi« 
i;atiotu  To  make  communications  from  fa£lory  to  fadloryi  and  from  warehoufes  to  har- 
bours, as  well  as  to  carry  raw  materials  to  and  from  fuch  eflaUifliments,  became  abfolutely 
neceflary.  Hence  arofe  thofe  wonderful  works,  not  of  pompous  abd  ufeleik  magnificence, 
but  of  real  utility,  which  are  at  this  time  carrying  on  to  a  degree  of  exteat  and  magnitude 
to  which  as  yet  there  is  no  appearance  of  limitation. 

The  ancient  harbours  of  this  ifland,  it  may  be  faid,  hare  ever  been  ncglcdled,  confidering 
the  increafe  of  its  naval  power,  and  a  foreign  commerce  of  which  there  hat  never  been  an 
example  in  the  hiftory  of  mankind.  The  fea-ports  were  (I  had  almoft  Cud  arc)  fuch  as  Na- 
ture formed,  and  Providence  has  bellowed  upon  us ;  and  they  were  but  little  better  pre- 
vious to  that  period,  notwithftanding  fome  jettees  and  piers  of  defence  iD-pbced  had  been 
made  and  repeatedly  altered,  without  knowledge  and  judgment,  at  munk^al^  not  goverti' 
menfs  expence. 

Tliis  general  Ctuation  of  things  gave  rife  to  a  new  profeflion  and  order  of  men,  called 
Civil  Engineers. 

In  all  the  poliflied  nations  of  Europe,  this  was  and  is  a  profelEon  of  itfcl^    AcademieSj 
or  fome  parts  of  fuch  inftitutions,  were  appropriated  to  the  ftudy  of  it,  wA  of  all  the  pre- 
paratory fciences  and  accomplilhments  neceflary  to  form  an  aUe  arrifty  whofe  profeflion 
comprehends  the  variety  of  objejls  on  which  he  is  employed,  and  of  whidi  the  prefent 
'  work  is  an  example,  and  a  proof. 

In  this  country,  however,  the  formation  of  fuch  artifts  has  been  left  to  dhance ;  and 
perfons  leaned  towards  the  public  call  of  employments  in  this  way,  ai  thar  natural  turn 
of  mind  took  a  bias.  There  were  no  public  efl;abli(hment8,  except  cosmMa  fchools  for  the 
rudimental  knowledge  neceflary  to  all  arts,  naval,  military,  mechanical  and  others* 

Civil  Engineers  are  a  ielf-created  fet  of  men,  whofe  profeiEon  owes  ill  origin  not  to 
power  or  influence,  but  to  the  bed  of  all  prote£lion,  the  encours^genient  of  a  great  and 
powerful  nation ;  a  nation  become  fo  from  the  indullry  and  fteadinefr  of  its  manufa£luring 
workmen,  and  their  fuperior  knowledge  in  pradical  chemiftry,  mechanics,  natnnd  philo- 
fophy,  and  other  ufeful  accompliihmcnts. 

When  any  one  who  has  read  the  varied  particulars  of  this  publication,  (huts  and  lays 
it  down  for  contemplation,  he  will  refleft  on  the  natural  talents  and  fagacity  requifite  in 
that  mind  which  applies  to  fuch  a  profeflion  \  on  the  patient  application  neceflfary  to  ac- 
quire all  the  fubfervient  learning  previous  to  the  commencement  of  it  \  and  on  the  won- 
derful and  varied  powers  which  tins  work  exhibits. 

£T#  bi  included  in  our  next] 
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5 O  Maintaining  iPowcr  of  Time-  Pieces. 

When  the  train  of  wheels  in  a  ctock  is  driven  by  a  weight,  the  more  immediate  cauft.  .>f 
variation  confifts  in  the  periodical  irregularities  of  the  wheels,  the  pinions,  and  the  pi  /ots, 
which  tranfmit  the  force  diminiflied  by  friiHon  and  oblique  aftions,  which  are  by  no  means 
uniform  :  the  remoter  caufe  of  variation  confifts  in  the  oil  becoming  Icfs  fluid  the  longer 
it  is  expofed  to  the  air.  But  when  a  train  is  driven  by  a  main  fpring,  the  caufcs  of  irre- 
gularity are  greatly  increafed  by  the  diminution  of  force  in  the  fpring  as  it  runs  down,  and 
its  friction  in  the  box ;  neither  of  which  are  fo  regular  as  to  admit  of  a  good  correftion 
from  the  fpiral  of  the  fufee  round  which  the  chain,  that  afts  upon  the  movement,  is  drawn. 
Perfe£l  equality  of  the  maintaining  power  is  not  therefore  to  be  expe£led.  The  only  good 
expedient,  independent  of  the  efcapement,  appears  to  be  that  of  caufing  the  tr.in  to  go  by 
a  weight  or  fpring,  ferving  only  to  wind  up  the  laft  wheel  once  during  every  revolution^ 
this  wheel  being  urged  by  an  appropriate  weight  or  fpring.  By  fuch  an  expedient  ^e 
clock  in  effe^l  becomes  a  time-piece  with  one  wheel  only,  in  which  the  irregularities  are 
minute,  and  their  recurrence  too  frequent  to  produce  any  conCderable  effect  on  the  vU 
brating  part. 

When  the  irregularity  of  the  firft  mover  is  propofed  to  be  remedied  by  its  mode  of  ap- 

pKcation,  it  is  clear  that  it  muft  give  an  increafe  of  velocity  to  fuch  vibrations  as  are 
performed  through  longer  arcs,  in  order  that  the  times  may  continue  the  fame.  At- 
tempts have  been  made  to  accomplifli  this  obje£l,  by  giving  a  proper  figure  to  the  face 
of  the  pallets  of  the  efcapement  \  but  it  does  not  appear  that  fuch  attempts  have  been  fuc- 
cefsfuh 

The  third  method  of  equalizing  the  effe£ls  of  the  maintaining  power  with  regard  to  time 
is  founded  on  the  confideration,  that,  if  this  impulfe  could  be  given  in  an  inftant,  the  whole 
of  the  vibration  would  be  free,  and  refemble  that  of  a  difengaged  pendulum  or  balance  ; 
and  if  the  forces,  by  which  the  vibrating  body  returns  to  its  point  of  quiefcence,  were  as 
the  fpaces  to  be  moved  through,  all  the  vibrations  would  be  performed  in  equal  times, 
whether  long  or  (hort,  or  whether  the  maintaining  power  were  greater  or  left.  This  diC- 
pofition  is  peculiarly  adapted  to  the  balance.  For  it  is  pofBble  to  form  the  pendulum  fpring 
and  adapt  the  maintaining  power  to  fo  fmall  a  part  of  the  vibration,  that  the  times  (hall  not 
perceptibly  vary,  even  when  the  power  itfclf  is  greatly  altered. 

Under  the  latter  points  of  view  the  efcapement  becomes  an  objed  of  great  importance^ 
finee  on  this  the  manner  of  application  of  the  tnaintaining  power  mud  depend.  It  fcarcely 
feems  neceflary  to  fubdivide  or  arrange  the  principles  on  which  the  moft  eminent  artifts 
haVe  endeavoured  to  give  perfection  to  their  efcapements.  The  principles  will  perhaps 
belt  ihew  themfelves  in  the  form  of  remarks  upon  the  feveral  conftru£kions. 

Oie  of  the  mofl:  aneient  efcapements  is  that  which  is  at  prefent  applied  in  cemmon  - 
pocket  watches*    It  is  repttfented  Fig.  i.  PI.  111.  and  is  bed  fuited  to  the  long  vibrations 
of  the  balance^  which  was  invented  earlier  than  the  pendulum  *.    A  B  denotes  the  rim  of 

-a  coQ- 

*  Do^r  Dcrham  on  Clockwork,  p.  8^  fourth  edition,  tffirmt,  that  vibrattOM  tre  no  where  mentioned 
or  alluded  to  in  the  clocks  dcfcribcd  by  the  ancients :  yet  we  karn  from  Vitnivius  tlut  they  pofleflfed  time* 
pieces  with  wheel-work.  Falconet,  Acadttme  des  IttfcriptioMS,  vol.  xx.  thinks  that  all  the  mechanical  time* 
pieces  made  before  the  i6th  century  were  ctepfydrx  with  wheel-work  for  reckoning  the  fmalicr  portions  of 

-dtftcHU 


Iftventton  of  the  Crown  Wheel  Efcapemetity  £5V.  5! 

a  conirate  'wheel  called  the  crown  wheel,  having  it8  teeth  pointed  and  ijoped  on  one  (ide 
only,  f'o  that  the  points  advance  before  any  other  part  of  the  teeth  during  'the  motion.  CQ 
arc  two  pallets,  or  flaps,  proceeding  downwards  from  the  verge  E  F.  The  pallets  arc 
nearly  at  right  angles  to  each  other ;  and  when  the  balance  F  G  fixed  to  the  verge  is  at 
reft,  the  pallets  remain  inclined  to  the  plane  of  the  wheel  in  an  angle  of  about  45  de- 
grees; but  when  it  is  made  to  vibrate,  one  of  the  pallets  is  brought  nearer  to  the  per- 
pendicular pofition,  while  the  other  becomes  more  nearly  |lBrallel.  The  wheel  muft  be 
fuppoTed  to  have  one  of  its  teeth  refting  againft  a  pallet  by  virtue  of  the  maintaining 
power.  This  tooth  will  flip  ofl*  or  cfcape  as  the  pallet  rifes  towards  the  horizontal  pofition, 
at  which  inftant  a  tooth  on  the  oppofite  fide  of  the  wheel  will  ftrike  againft  the  other  pallet 
'V'hich  18  down.  The  returning  vibration,  "by  raifing  this  laft  pallet,  will  fufl^er  that  tooth 
to  cfcape,  and  another  tooth  will  apply  itfelf  to  the  firft-mentioned  pallet.  By  this  alterna- 
tion the  crown  wheel  will  advance  the  quantity  of  half  a  tooth  each  vibration,  and  the 
balance  or  pendulum  will  be  prevented  from  coming  to  reft,  becaufe  the  impulfe  of  the 
teeth  againft  the  pallets  will  be  equal  to  the  refiftances  from  friction  and  the  re-adion  of  the 

air« 

On  this  efcapement  it  may  be  remarked,  that  the  pendulum  or  balance  is  conftantly  con- 
nedled  with,  and  influenced  by,  the  maintaining  power,  except  during  the  exceedingly  fi^aU 
time  of  the  drop  of  the  wheel  from  one  pallet  to  the  other  ;  on  which  account  the  meafure 
of  time  will  greatly  vary,  when  the  force  of  vibration  is  merely  equal,  or  not  much  greater 
than  the  maintaining  impulfe.  This  is  (hewn  in  a  ftriking  manner  by  urging  the  movement 
of  a  common  watch  by  means  of  the  key.  If  the  key  be  preflTed  in  the  ufual  dire£Uoi% 
of  winding  up,  the  beats  of  tlie  vibration  will  become  very  flow,  or  even  ftop;  and  if 
the  preflfure  be  made  in  the  oppofite  dire^ion,  the  vibrations  will  become  very  loud  and 
quick. 

dcfcent.  Profcflbr  Vcnturi,  in  \\\%jEj[fai  fur  Us  Ouvrages  Phx/tco-Matb^matiqaes  de  Uonardde  Ftnci^  page  »8, 
hat  a  curious  note  on  this  fubje£t,  from  which  I  here  make  fome  eztra£is.  The  common  efcapement  de- 
icribed  in  the  text  was  well  known  to  de  Vinci»  who  dcfcribes  an  inftrument  afling  by  an  efcapement  of  thb 
kind,  fimilar,  as  he  fays,  to  the  verge  of  the  balance  in  watches,  which  he  does  not  feem  to  mention  as  a  new 
thing.  He  died  about  1513.  The  ifochronifm  of  the  pendulum  was  known  to  Galileo  in  1600,  who  before 
his  death,  namely  about  1633,  propofed  to  apply  it  to  clocks.  The  a6lual  application  by  Huygbens  was  made 
before  1658,  when  he  publiihed  his  Horologium  o/iiUatorium.  He  applied  it  by  means  of  tht  common  efcape* 
ment  already  in  ufc  with  the  balance,  and  ftill  retained  in  our  tciblc  clocks.  San£torius  had  made  the  fame 
application  near  forty  years  before  that  time,  as  appears  by  his  CommerHnrii  in  Jv/eenniwg,  (quefi.  56)  printed 
ia  1615,  in  which  feveral  inftniments  arc  defcribed  as  having  been  publicly  exhibited  and  explained  to  hil 
auditors  at  his  lectures  in  Padua  for  thineen  years  previous  to  that  time. 

There  is  a  manufcript  (Na  7295)  in  the  National  Library  of  France,,wrirteA  about  the  middle  of  tht  15th 
eentury  by  H.  Arnault,  Phyfician  to  the  Dukes  of  Burgundy,  who  died  in  I465.  This  author  defcribet  a 
planifphere  which  Jean  de  Fondeur  (Fuforh)  his  mafter  had  conftru£lcd  for  the  Duke,  and  which  Arnault 
himfelf  had  afterwards  repaired.  Whence  it  appears  that  the  inftrumcnt  was  conftru£ted  about  the  commence- 
ment uf  the  15th  century.  At  folio  59  a  dcfign  isfeen  of  the  watch  which  gives  motion  to  the  planifphere.  It  it 
nearly  the  modera  watch.  The  balance  is  called  circulus  c{ffixus  %)irge  paUtwum^  qui  cum  ea  de  *uimovetur.  He 
calls  the  crown  wheel,  which  forms  the  common  efcapement  on  the  pallets  of  the  vcrge.of  the  balance,  hj  the 
name  of  folietus.  At  folio  60  the  ftriking  part  isdcfcnbed>  where  we  have  the  terms  valetus^  the  hrpchu  te» 
^uantes  tnalle-um ;  crux  media  IfUer  vun/imrnium  etjbnnaiam »  cavale  and  cbivola  fox  cbeviile.  M.  Vcnturi  tbin^ 
th?t  the  watches  of  Wallingfort  and  Dondi,  in  the  14th  century,  were  conllru£^e4  on  the  principle  of  tke 
kilance.    Robert  Hooke  added  the  ipring  to  the  balance  in  the  year  1658. 

H  2  Thif 


52  Efcapements  for  Pendulums. 

This  cfcapemcnt  not  being  ad;ipted  to  fuch  vibrations  as  arc  performed  through  arcs  of 
a  few  degrees  only,  another  conftruction  has  been  made  which  has  been  in  conftanr  ufc 
for  about  a  centufy  in  clocks,  with  a  long  pendulum  beating  feconds.  Fig.  2.  A  B  repre- 
fents  a  vertical  wheel  called  the  fwing  wheel,  having  thirty  teeth.  C  D  reprefents  a  pair 
of  pallets  connected  together,  and  moveable  in  conjun£lion  with  the  pendulum  on  the  centre 
or  axis  F.  One  tooth  of  the  wheel  in  the  prefent  pofition  reds  on  the  inclined  furface  of 
the  inner  part  of  the  pallet  C,'  upon  which  its  difpofition  to  Aide  tends  to  throw  the  point  of 
the  pallet  farther  from  the  centre  of  the  M'heel,  and  confequently  aflifts  the  vibration  in 
that  diredion.  While  the  pallet  C  moves  outwards  and  the  wheel  advances,  the  point  of 
the  pallet  D  of  courfe  approaches  towards  the  centre  in  the  opening  between  the  two 
neareft  teeth  j  and  when  the  afting  tooth  of  the  wheel  flips  off,  or  efcapes  from  the  pallet  ' 
C,  another  tooth  on  the  oppofitc  fide  immediately  falls  on  the  exterior  inclined  face  of  Dj 
and  by  a  fimilar  operation  tends  to  pufli  that  pallet  from  the  centre.  Tlic  returning  vibra* 
tion  is  thus  aflifted  by  the  wheel,  while  the  pallet  C  moves  towards  the  centre,  and  re- 
ceives the  fuccceding  tooth  of  the  wheel  after  the  efcape  from  the  point  of  D.  In  this 
manner  the  alternation  may  be  conceived  to  go  on  without  limit. 

The  fame  obfervation  which  was  made  upon  the  efcapement  fig.  i.  is  applicable  '>lfo 
to  this  5  namely,  that  the  vibrating  part  is  conftantly  under  the  influence  of  the  maintain- 
ing  power,  except  during  the  interval  of  the  drop,  or  adlual  efcape  of  the  wheel  from  one 
pallet  to  the  other.  The  indireft  aftion  of  an  inclined  plane,  with  the  influence  of  oil 
which  it  neceflarily  requires,  may  alfo  be  mentioned  to  (licw  that  this  efcapement  is  not 
equal  to  what  might  have  been  produced  by  a  flcilful  variation  of  the  other.  One  principal 
recommendation  of  this  efcapement  feems  to  have  been  the  facility  with  which  it  afibrds 
an  index  for  feconds  in  the  face  of  the  clock.  Though  the  pendulum,  according  to  this 
conftrudion,  is  conftantly  conne£lc5  with  the  maintaining  power  in  a  clock,  yet  the  va- 
riations of  that  power  have  not  the  fame  mifchievous  efiidl  as  in  a  watch,  becaufe  the 
momentum  of  the  pendulum,  compared  with  the  impulfe  of  the  maintaining  power,  is  pro- 
digioufly  greater  in  the  former  of  thefc  inftruments.  A  very  confiderablc  change  in  the 
maintaining  power  of  a  clock  with  a  long  pendulum,  will  not  caufc  a  greater  variation 
than  a  few  feconds  in  the  daily  rate. 

The  celebrated  George  Graham  improved  this  efcapement  very  much  by  taking  off  part 
of  the  flope  fartheft  from  the  points  of  the  pallets  ;  in  Head  of  which  part  he  formed  a  cir- 
cular or  cylindrical  face,  having  its  axis  in  the  centre  of  motion.  Pallets  of  this  kind  arc 
feen  on  the  oppofite  fide  of  the  wheel  at  E  and  G,  having  H  for  their  centre  or  axis,  A 
tooth  of  the  wheel  is  feen  refting  upon  the  circular  inner  furface  of  the  pallet  G,  which 
18  not'  therefore  aflfedted  by  the  wheel,  excepting  fo  far  as  its  motion  arifing  from  any 
other  caufe  maybe  afffefted  by  the  friftion  of  the  tooth.  If  the  vibration  of  the  pendulum 
he  fuppofed  to  carry  G  outwards,  the  flope  furface  will  be  brought  to  the  point  of  the 
tooth,  which  will  flide  along  it  and  urge  the  pallet  outwards  during  tliis  Aiding  aftion.. 
When  the  tooth  has  fallen  from  the  point  of  this  pallet,  an  oppofite  tooth  will  be  received 
on  the  circular  furface  of  E,  and  will  not  afleft  the  vibration,  excepting  when  the  flope  fur- 
face of  E  is  carried  out  fo  as  to  fuflTcr  the  tooth  to  flide  along  it.  In  the  two  former  efcape- 
ments there  is  always  a  certain  portion  of  vibration  takes  place  after  the  drop  which  drives 
the  pallets  back,  and  caufes  the  index  aUb  to  recede  through  a  fmall  arc.     This  has  been 
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(liftinguiflicd  by  the  name  of  a  recoil.  Other  confiderable  objcdiions,  befides  that  of  the 
cont'mued  afVion  of  the  maintaining  power,  have  been  made  againft  efcapements  with  a 
recoil  •,  but  it  would  lend  us  too  far  into  the  minute  departments  of  this  fubjeii  to  difcufs 
them.  'ITie  cfcnpcmcnt  of  Graham,  and  all  fuch  as  have  no  recoil,  have  been  called  dead 
beat  efcapements,  becaufe  the  index  for  fcconds  falls  direftly  through  its  arc,  and  remains 
motionlefs  on  the  line  of  divifion  till  the  next  vibration.  It  may  be  obfervcd,  that  the 
maintaining  power  in  Graham's  efcapemcnt  may  be  applied  during  a  fmall  portion  only  of 
the  vibration  ;  and  that  an  increafe  of  the  maintaining  power  tends  to  enlarge  the  arc  of 
vibration,  but  fcarcely  interferes  with  its  velocity. 

The  effeft  of  the  efcapement  which  has  been  called  horizontal  *,  becaufe  the  laft  wheel 
in  watches  of  this  conftruftion  has  its  plane  parallel  to  the  reft  of  the  fyftem,  is  fimilar  to 
that  of  the  dead  beat  cfcapement  of  Graham.  In  fig.  3,  the  horizontal  wheel  is  feen  with 
twelve  teeth,  upon  each  of  which  is  fixed  a  fmall  wedge  fupported  above  the  plane  of  the 
wheel,  as  may  be  feen  at  the  letters  A  and  B.  On  the  verge  of  the  balance  there  is  fixed 
part  of  a  hollow  cylinder  of  fteel  or  other  hard  material,  the  imaginary  axis  of  which  pafTes 
through  the  pivots  of  the  verge.  C  reprefents  this  cylindrical  piece,  into  which  the  wedge 
D  may  be  fuppofed  to  have  fallen.  While  the  vibra(tion  caufes  the  cylindrical  piece  to  re- 
volve in  the  dircftion  which  carries  its  anterior  edge  towards  the  axis  of  the  wheel,  the 
point  of  the  wedge  will  merely  rub  the  internal  furface,  and  no  otherwife  afFeft  the  vibra- 
tion of  the  balance  than  by  retarding  its  motion.  But  when  the  return  of  the  vibration 
clears  the  cylinder  of  the  point  of  the  wedge  D,  the  wheel  will  advance,  and  the  flope  fur- 
face  of  the  wedge  afting  againft  the  edge  of  the  cylinder  will  afiift  the  vibration  of  the  ba- 
lance. When  the  edge  of  the  cylinder  arrives  at  the  outer  point  of  the  wedge  D,  its  pofte- 
rior  edge  muft  arrive  at  the  pofition  denoted  by  the  dotted  lines  of  continuation  ;  immedi- 
ately after  which  the  wedge  or  tooth  E  will  arrive  at  the  pofition  e,  and  reft  on  the  outer 
fiirfacc  of  the  cylinder,  where  it  will  produce  no  other  effedt  than  that  of  retardation  from 
fri^lion,  as  was  remarked  with  regard  to  the  wedge  D,  until  the  courfe  of  the  vibration 
ihall  bring  the  pofterior  edge  of  the  cylinder  clear  of  the  point  of  the  wedge.  In  this  laft 
fituation,  the  wedge  will  aft  on  the  edge  of  the  cylinder,  and  affift  the  vibration*,  as  in  the 
former  cafe,  until  that  edge  (hall  arrive  at  the  outer  or  pofterior  point  of  the  wedge  ;  imme- 
diately after  which  the  leading  point  will  fall  on  the  inner  furface  of  the  cylinder  in  the  firft 
poGtion,  as  was  fticwn  in  the  wedge  D. 

■  ■  '     * 

*  In  the  fcvcnili  volume  of  iffacb/ftfis  et_  Inventirmi  ap^rouvUi  par  V  Acadfmie  Roy  ale  des  Sciences^  I  find, 
p.137,  that  the  Sic  r  Baufri,  a  French  clock-maker,  fettled  in  London,  contrived  the  horizontal  fcapement 
in  1704.  He  applied  an  hollow  ponion  of  a  cylinder  to  the  verge  of  the  balance,  the  edges  of  which  .were 
thick  enough  to  afford  the  inclined  furfaces  of  Graham's  pallets,  and  thefe  were  a£lca  upon  by  two  com- 
mon wheels  perfectly  firhilar  and  fixed  on  the  fame  axis,  fo  that  the  teeth  of  one  correfpondcd  with  the  hollows 
of  the  other.  In  the  fajne  -work,  p.  141,  the  Regie  artificielle  du  temps  of  Sully,  p.  148^251,  is  Quoted  to 
ihew  that  Sir  I(kac  Newtcid  poffdTed  one  of  thcfc  watches,  marked  with  the  name  of  Baufrc.  Peter  le  Roy 
improved  this  fcapement  by  fubftituting  a  portion  of  a  cone  inftead  of  the  cylinder  (Machines  et  Iiwentions^ 
Z749},  with  a  double  wheel,  the  axis  of  which  was  at  right  angles  to  the  verge.  And  M»Gourdain,  in  tlie 
fame  year  (p«  141  of  the  work  laft  quoted),  made  another  conflrudion,  in  which  a  flat  circular  i<itc£u>f  metal, 
out  of  which  a  portion  of  about  90^'  was  cut,  was  fubftituted  in  the  place  of  the  cylinder,  und  received  the  ac* 
tion  of  a  whcelwiih  wi-dge-teoih,  acting  alternately  in  oppofite  directions  in  the  notch,  and  rtftingon  theflat 
furfiice  of  the  metal  during  the  rime  of  rcpoft.  The  fcapement  defcribed  ia  the  text  appears  to  have  been  a  com- 
bination  of  the  invci^nft  of  Baufr^  aa4  Gourdain* 
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Horizontal  watches  were  grcady  efteemed  during  the -Jaft  thirty  ^ears^  until  lately,  whea 
they  gave  place  to  thofc  conftxuflions  which  are  known  by  the  name  of  detached  or  free 
efcapemcnts.  In  the  common  efcapement,  fig.  i,  an  increare  of  the  maintaining  power  in- 
creafes  the  recoil,  and  accelerates  the  vibrations;  but  with  the  horizontal  efcapement  there 
is  no  recoil;  and  an  increafe  of  the  maintaining  power^  though  it  may  enlarge  the  arc  of  vi* 
bration,  will  not  necefiarily  diminifli  or  alter  the  time.  It  is  accordingly  founds  that  the 
experiment  of  altering  the  maintaining  power  by  the  application  of  the  key,  does  not  alter 
the  rate  in  the  fame  perceptible  manner  as  in  common  watches.  Exceedingly  perfedt  time- 
pieces on  the  horizontal  principlCi  with  a  compenfation  for  temperature  applied  to  the 
fpring,  were  made  about  fifteen  years  ago  by  Emery,  of  Charing-crofsi  and  other  artifts  } 
but  1  am  informed  that  their  performance  became  fenfibly  lefs  accurate  after  a  few  years 
wear.  Whether  the  difTicuhy  of  execution,  or  the  badnefs  of  workman(hip  in  low-priced 
watches  of  this  kind,  or  whether  the  fubfequent  great  improvements  in  this  ufeful  engine^ 
have  caufed  the  horizontal  principle  to  be  laid  aCde,  I  know  not  j  but  1  believe  few  if  any 
watches  of  this  conftruAion  are  ac  prefent  made. 

The  dead  beat  efcapement  of  Graham,  and  the  hori;sontal  efcapement,  both  appear  to  be 
improvements  of  the  common  anchor  efcapement,  fig.  i.  which  by  thefe  expedients  it 
deprived  of  its  recoil,  but  dill  retains  the  wedge  a£lion,  which  has  much  fri£tion,  and  ne« 
ceflarily  requires  oil.  The  quantity  of  dire£l  pufh  in  the  efcapement  fig.  i,  which  re« 
quires  no  oil  on  the  face  of  the  pallets,  appears  to  be  the  caufe  why  it  adis  fo  freely,  and 
is  fo  little  liable  to  injury  or  diforder.  I  wiih  it  were  left  difficult  to  afcertain  the  invent- 
ors and  improvers  of  ufeful  contrivances.  But  in  proportion  to  the  utility  and  univerfal 
adoption  of  any  inftrument,  it  always  becomes  more  eafy  to  mention  it  by  a  fingle  term. 
Definitions,  defcriptions,  and  inventors'  names  naturally  become  difcarded  ;  and  from  this 
caufe  it  feems  as  if  a  moderate  or  a  fpeculative  invention  might  carry  the  name  of  its  in* 
ventor  to  remote  ages,  while  the  great  benefadlors  of  fociety  are  forgotten.  I  do  not 
know  who  firft  undertook  to  improve  efcapements  by  pallets  refembling  thofe  of  fig.  i.  in 
the  direft  aftion  they  receive  5  but  the  earlieft  contrivance  of  this  kind  I  have  met  with  is 
that  of  M.  Le  Roy  fils  alne,of  which  the  account  bears  date  Sept.  6, 1748.  As  it  is  in  e£Fefl: 
the  fame  efcapement  a«  is  now  in  the  higheft  efteem  in  the  time-pieces  of  our  beft  artifts, 
I  (hall  here  defcribe  d^e  latter,  and  mention  the  particulars  of  that  of  M.  Le  Roy  in  a 
note. 

Fig.  3.  PI.  Ill-  reprefents  the  free  efcapement  of  our  beft  portable  time-pieces.  Fig.  4. 
exhibits  the  efcapement  on  a  larger  fcale.  On  the  verge  of  the  balance  is  fixed  a  circular 
piece  of  fapphire,  or  hard  fteel,  EL,  out  of  which  a  fefloral  piece  is  cut.  HG  is  a  ftraight 
fpring  fixed  near  its  extremity  H,  and  having  at  the  other  extremity  a  pin  G,  againft 
which  one  of  the  teeth  of  the  wheel  D  refts  when  the  train  is  at  reft.  This  fpring  has  a 
flight  tendency  towards  the  centre  of  the  wheel,  but  is  prevented  by  the  ftop  K  from 
throwing  the  pin  fartlicr  inwards  than  juft  tO  receive  the  point  of  the  tooth.  I  is  a  very- 
Sender  fpring  fixed  at  the  end  I,  and  preffing  very  flightly  againft  the  pin  G,  in  a  dire£lion 
tending  to  throw  it  from  the  wheel  D,  but  which  on  account  of  the  greater  power  of  .HG 
it  cannot  cflfeft .  It  may  be  obferved  that  the  fpring  I  proceeds  a  little  beyond  the  pin  G.— 
t  is  a  lever  proceeding  from  the  verge  of  the  balance  diredtly  oppofite  the  end  of  the 
fpring  I,  and  long  enough  to  ftrike  it  in  its  vibra^on.    The  adion  is  as  follows :— From 
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die  pTdTare  of  the  tnain  fprlng  the  wheel  (fig.  4)  is  urged  from  D  towar4s  F,  but  is  prc- 
Tenteid  from  moving  by  the  pinG.  Let  the  balance  be  made  to  vibrate,  and  the  lever  F  will 
move  through  the  arc  Ff,  ftrike  the  inner  extremity  of  the  fpringl,  and  difplacc  the  pin  G. 
At  this  inftant  the  face  E,  which  may  be  called  the  pallet,  will  have  arrived  at  the  pofition  c, 
againft  which  the  tooth  of  the  wheel  will  fall,  and  communicate  its  impulfe  through  about 
150  or  16**  of  the  vibration.  But  F  quits  the  fpring  I  fooner  than  the  wheel  quits  the 
pallet  E,  and  confequently  the  pin  G  will  have  returned  to  its  firft  (lation  before  the  wheet 
can  have  arlvanced  a  whole  tooth,  and  the  fpring  or  detent  HG  will  receive  the  wheel  at 
before,  immediately  after  its  efcape  from  the  pallet.  The  returning  vibration  of  the  ba- 
lance will  be  made  with  the  piece  hL  perfeftly  at  liberty  between  two  teeth  of  the  wheel> 
as  in  the  (ketch,  and  the  back  ftroke  of  the  lever  F  againft  the  tender  fpri^ig  I,  will  have  no> 
efit:£l  whatever  on  the  pin  G  \  this  fpring  being  like  the  back  fpring  of  the  jacks  of  the  barp<- 
ficfaord,  a£live  in  one  dire£tion  only.  The  third  vibration  of  the  balance  will  unlock  the 
detent  as  before  ;  the  impulfe  will  again  be  given,  and  the  whole  procefs  will  be  repeated  \, 
and  in  this  manner,  the  balance,  though  it  may  vibrate  through  the  greateft  part  of  the 
entire  circle,  will  be  entirely  free  of  the  works>  except  during  the  very  fmall  time  of  the 
drop  of  the  wheel*. 

It  is  hardly  neceflary  to  make  any  remark  on  this  efcapement.  It  requires  little  or  no 
oil  ;  and  when  all  the  parts,  particularly  the  pendulum  fpring,  are  duly  adjufted,  it  is  found 
that  a  very  great  variation  in  the  firft  mover  will  remarkably  alter  the  arc  of  vibration  with- 
out  affe^iing  the  rate.  The  piece  £L  might  have  confifted  of  a  fmgle  pallet  or  arm,  inftead 
of  a  portion  of  a  circle  or  cylinder  5  but  fuch  a  piece  would  have  been  rather  lefs  conve- 
nient to  make  in  fapphire,  or  ruby,  as^  in  the  beft  time-pieces,  and  would  alfo  have  been> 
lefs  ufeful.  For  if  by  any  accideilt  or  (hock  the  pin  G  fhould  be  difplaced  for  an  inftant^ 
the  wheel  D  will  not  tun  down,  becaufe  it  will  be  caught  upon  the  circular  furface  of  £Im 

^The  echapperoentadeteAte  of  Le  Roy  (Recueil  desMachineSy  &c.  VII.  3S5)  was  differeot  from  the  above 
defcribed  in  feverdl  particulars  not  eifential  to  the  general  principle.     i.The  wheel  was  cootrate,  and  in  the 
drawing  has  44.  thin  teeth.     2.  The  f«ice  E  was  afforded  by  an  actual  pallet  concave  towards   the  tooth. 
3.  The  detent  was  forked,  and  moved  on  pivots  at  the  angular  point.     One  leg  preCented  a  (lop  to  one  of  the 
•ecth  of  the  wheel,  while  the  other  leg  refted  againft  the  periphery  of  a  femi-cylinder  upon  the  verge  of  the 
balance.     The  decent  was  kept  to  this  pOiition  by  a  tender  back  fpring.    41^  In  the  aAual  performance  the 
Tibratioaof  the  balance  carried  the  femi-cylinder  clear  of  ihe  leg  of  the  detent,  which  confequently  would 
hare  quitted  thewbeel^  if  the  back  fpring  had  been  ftrong  enough.    Immediately  after  the  arrival  at  this  po. 
fition,   the  pallet  (Ifuck  a  tooth  of  the  wheeV  made  it  recoil,   and   delivered   the  detent*  which  flew  inwards- 
againd  the  radius  of  the  femi-cylinder.     The  wheel  being  thus  fet  at  libeny,  was  driven  baclc  through  an 
angle  of  near  lo^,  as  I  eftimate  from  the  drawing,  and  then  in  its- return  followed  the  balance  through  about  60^ 
^  7c*.  during  which  period- the  femi-cylinder  itcovcreA  the  pofition  re^fite  to  throw  the  detent  in  the  way  of 
the  focccediiig  tooch»  avd  retaiiithe  whecl»  while  the  balance  Ao^tinued  its  vibration,  difengagcd  fromewry  ac- 
tion but  that  of  the  rub  of  the  (emi-cylinder  againll  the  tail  of  ibe  dettnt.    The  iadicious  mechanic  will  per* 
ceive  that  the  difpo&tion  of  the  parts  in  the  efcapement  fi^^  4.  arc  much  for  the  better.     For  (a)  the  flexures^ 
^fprings  afford  a  lefs  variable  deduction  fiom  the  moving  force,  than  the  fri£ticns  of  fuchces  in  the  pivots  of 
Le  Roy's  detent,  and  his  f^rai>cylinder.   (b)  The  forccloft  in  the  recoil  it  greater  and  more  variable  than  that 
employed  againft  the  fpring  I  in  6g.  4,   (c)  The  balance  isperfe^kly  difengagfcdibra  much  larger  portion  of  both 
vibrations  in  the  modern,  than  in  the  original  efcapement,  and  (d)  the  finail  number  of  teeth.in  the  wheel  D^ 
affords  ^  advantage  in  regulating  the  ftg^re  and  conta^b  of  the  ptrtt* 
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It  is  indeed  very  cafy  to  obfcrve,  that  the  piece  EL  would  operate  v^thout  the  detent, 
though  with  much  friftion  during  the  tim^  of  repofe.  The  tooth  of  the  wheel  would  in  that 
cafe  reft  upon  its  circular  face. 

This  cftapcment  is  better  calculated,  for  a  long  than  a  fliort  vibration.  I  have  feen  it 
adapted  to  an  half  fcconds  pendulum  clock,  in  the  form  delineated  in  fig.  6,  PI.  III.  It 
kept  up  a  vibration  of  8^  with  a  very  heavy  pendulum,  and  no  great  maintaining  weight, 
but  I  was  not  informed  of  the  quantities  of  thefc  weights.  The  part  ABDC  is  fixed  to  the 
pendulum  rod.  BC  is  a  lever  moveable  on  the  joint  B,  but  not  capable  of  falling  below  its 
horizontal  pofition.  It  terminates  in  a  claw  at  C  At  D  is  a  pallet  of  agate  or  hard  ftone, 
having  a  flat  poliflied  face.  F  G  H  I  is  a  detent  moveable  on  the  centre  H,  but  kept  in 
its  pofition  againft  the  pin  or  ftop  K,  by  means  of  the  counterpoife  G.  As  it  is  now  repre- 
fented,  a  tooth  I  of  the  wheel  bears  againft  the  end  of  the  lower  arm  or  branch.  Suppofe 
the  pendulum  to  be  made  to  vibrate,  and  it  will  pafs  clear  of  the  teeth  I L  ;  but  when  the 
claw  C  ftrikes  againft  the  upper  end  F  of  the  detent,  the  flope  furface  of  thofe  extremities 
will  caufe  the  lever  B  C  to  rife,  and  the  claw  in  its  return  will  draw  F  towards  the  wheel, 
and  confequently  difengage  I.  The  tooth  E  will  therefore  fall  on  the  pallet  D,  and  impell 
the  pendulum  in  its  vibration  \  but  before  it  quits  the  pallet  the  claw  C  will  be  drawn  away 
from  F,  and  the  counterweight  G  will  reftore  the  original  pofition  of  the  wheel,  which 
will  receive  and  hold  the  tooth  M  during  the  whole  of  the  vibration  made  in  the  dire£tion 
BC.  The  next  vibration  in  the  oppofite  direftion  will  difplace  the  detent  as  before,  and 
by  thefe  alternations  the  motions  will  continue  fo  long  as  the  maintaining  power  continues 

to  a£t. 

In  the  two  laft  efcapements  we  have  feen  the  variable  efFc£ls  of  the  maintaining  power 
almoft  entirely  removed,  as  far  as  can  be  pra£tically  difcerned.  Fig.  7.  *  exhibits  the 
efcapement  of  Mudge>  in  which  the  balance  is  perfeflly  detached  from  the  train  of  wheeU, 
except  during  the  extremely  (hort  interval  of  ftriking  out  the  parts  which  ferve  the  purpofe 
of  detents.  ON.EB  Q^is  the  circumference  of  the  balance,  vibrating  by  the  adlion  of  a 
fpiral  fpring  as  ufual  on  its  axis  C  A  D  H  paffing  through  the  centre  C :  the  axis  is 
bended  into  a  crank,  A  X  Y  D,  to  make  room  for  the  other  work.  L  M,  Z  W,  are  two 
rods  fixed  to  the  crank  at  the  points  L  and  Z,  parallel  to  X  Y.  c  d  e  f  r  s  are  fixed  parts  of 
the  machine.  T  R  is  an  axis  concentric  with  that  of  the  balance,  and  carrying  an  arm 
G  o  nearly  at  right  angles  to  it,  and  a  fmall  auxiliary  fpring  u,  which  is  wound  up  when- 
ever the  arm  G  o  is  moved  in  the  direAion  oh.  p  is  a  curved  pallet  fixed  to  the  axis  TR, 
vi'hich  receives  the  tooth  of  the  balance  wheel  near  the  axis.  The  tooth,  proceeding  along 
the  curved  furface,  by  the  force  of  the  main  fpring  turns  the  axis  and  its  arm  G  o,  and 
winds  up  the  fpring  u.  A  fmall  proje^ion  at  the  extremity  of  the  curved  furface  of  the 
pallet  p  prevents  the  farther  progrefs  of  the  tooth,  when  the  arm  o  G  has  been  turned 
through  an  arc  o  h,  of  about  27® ;  and,  confequently,  the  fpring  u  has  been  wounrf  up 

through  the  fame  angle  or  arc,  o  Gh  s=  27® F  S  is  another  axis  exaftly  fimilar  to  TR. 

It  carries  its  arm  I  o,  and  fpring  v,  and  the  tooth  of  the  balance  wheel  1  m  winds  up  the 

♦  From  Atwood's  Invcftigations  for  determining  the  Times  of  Vibration  of  Watch  Balances.    FhiloC 
Tranf.  1794. 
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j^ring  V,  by.adUng  on  the  pallet  q,  and  is  detained  by  a  proje£lion,  after  having  carried  it 
through  an  angle  of  27®,  cxadlly  as  in  the  former  cafe.  7  he  arcs  pafTed  through  by  the 
arms  G  o  and  I  o,  and  marked  in  the  figure,  arc  alfo  denoted  by  the  fame  letters  on  the 
rim  of  the  balance. 

The  cfFe£l  of  this  efcapcment  may  be  thus  explained  :  Let  the  balance  be  in  the  qul- 
efccnt  ftace,  the  main  fpring  being  unwound,  and  the  branch  or  crank  in  the  pofition  re- 
prefented  in  the  figure.  If  the  quiefcent  points  of  the  auxiliary  fprings  coincide  with  that 
of  the  balance  fnring,  the  arm  Go  will  juft  touch  the  rod  LM,  and  in  like  manner  the 
arm  Id  will  juft  tough  the  rod  WZ;  the  two  arms  Go  and  lo  in  this  pofition  are  pa- 
rallel to  the  line  CO.  Tliis  pofition  of  the  balance  and  auxiliary  fprings  remains  as  long 
as  the  main  fpring  of  the  machine  continues  unwound  ;  but  whenever  the  a£lion  of  the 
main  fpring  fets  the  balance  wheel  in  motion^  a  tooth  thereof  meeting  with  one  Or  othet 
of  the  pallets  p  or  q,  will  wind  up  one  of  the  auxiliary  fprings ;  fuppofe  it  fliould  be  the 
Ipring  u.  The  arm  G  o  being  carried  into  the  pofition  G  h,  by  the  force  of  the  balance 
wheel  adling  on  the  pallet  p,  remains  in  that  pofition  as  long  as  the  tooth  of  the  balance 
wheel  continues  locked  by  the  projeftion  at  the  extremity  of  the  pallet  p;  and  the  balance 
itfelf  not  being  at  all  affecled  by  the  motion  of  the  arm  Go,  nor  by  the  winding  up  of 
the  fpring  u,  remains  in  its  quiefcent  pofition  :  confequently  no  vibration  can  take  place^ 
except  by  the  afllflance  of  fome  external  force  to  fet  the  balance  in  motion.  Suppofe  an 
impulfe  to  be  given  fufficient  to  carry  it  through  the  femi-arc  OB,  which  is  about  I35» 
■  in  Mr.  Mudgc's  conftruflion. 

The  balance,  during  this  motion,  carries  with  it  the  crank  AX  YD,  and  the  affixed 
rods  LM,  ZW.  When  the  balance  has  defcribed  an  angle  of  about  27^  =  the  angle 
o  C  h,  or  o  G  h,  the  rod  L  M  meets  with  the  arm  G  H,  and  by  turning  the  axis  T  R, 
and  the  pallet  p  in  the  direction  of  the  arc  oh,  releafes  the  tooth  of  the  balance  wheel 
from  the  projeftion  at  the  extremity  of  the  pallet  p :  the  balance  wheel  immediately  re-. 
volves,  and  the  lower  tooth  meeting  with  the  pallet  q,  winds  up  the  auxiliary  fpring  y, 
and  carries  the  arm  lo  with  a  circular  motion  through  the  angle  oik,  about  27^,  in 
which  pofition  the  arm  I  o  remains  as  long  as  the  tooth  of  the  balance  wheel  is  locked  by 
the  pallet  q.  While  the  fpring  v  is  winding  up  through  the  arc  ok,  the  balance  dcfcribes 
the  remaining  part  of  the  femi-arc  h  B,  and  during  this  motion  the  rod  L  M  carries  round 
the  arm  G  h,  caufing  it  to  defcribe  an  angle  h  C  B,  or  h  G  B,  which  is  meafured  by  the 
arc  hB  =r  108^.  When  the  balance  has  arrived  at  the  extremity  of  the  femi-arc  OB  =  135% 
the  auxiliary  fpring  u  will  have  been  wound  up  through  the  fame  angle  of  135^,  that  is 
to  fay,  27?,  by  the  force  of  the  main  fpring  afting  on  the  pallet  p,  and  108°  by  the  ba- 
lance itfelf,  carrying  along  with  it  the  arm  Go,  or  G h,  while  it  defcribes  the  arc  h B. 
The  balance  therefore  returns  through  the  arc  B  O,  by  the  joint  aftion  of  the  balance 
fpring  and  the  auxiliary  fpring  u;  the  acceleration  of  both  fprings  ceafing  the  inftant  the 
balance  arrives  at  the  quiefcent  point  o.  When  the  balance  has  proceeded  in  its  vibration 
about  27*^  beyond  the  point  O,  to  the  pofition  Ck,  the  rod  Z  W  meets  with  the  arm  Ik, 
and  by  carrying  it  forward  releafes  the  tooth  of  the  balance  wheel  from  the  pallet  q.  The 
balance  wheel  accordingly  revolves,  and  the  upper  tooth  meeting  with  the  pallet,  p  winds 
up  the  auxiliary  fpring  u,  as  before.     The  balance  with  the  crank  proceeding  to  defcyibe 
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the  remaining  femt-arc  k£,  winds  up  the  fpring  v  through  the  further  angle  k  CE  »io8%  ' 
and  returns  through  the  femi-arc  £0,  by  the  joint  action  of  the  balanfce  fpring  and  the  auzt- 
Jiary  fpring  V|  both  of  which  ceafe  to  accelerate  the  balance  the  indant  it  has  arrived  at  O. 
It  may  be  remarked,  in  this  curious  efcapemcnt,  that  the  motion  of  tlie  balance  in  itg 
femi-vibration  from  the  point  of  quiefcencc  is  oppofed  through  an  arc  of  no  more  thaa 
ic8,  but  is  accelerated  in  its  return  through  the  whok  arc  of  135^9  and  that  the  dif- 
ference is  what  maintains  the  vibrations ;  and  moreover,  that  the  force  from  the  wheel 
being  exerted  to  wind  up  each  auxiliary  fpring  during  the  time  it  is  totally  difengaged  froxa 
the  balance,  this  laA:  organ  cannot  be  affeded  by  its  irregularities,  except  fo  far  as  thef 
may  render  it  more  difficult  to  difengage  the  rim  of  the  pallet  from  the  tooth.  The  balance 
defcribes  an  arc  of  about  8^  during  this  difengagement. 

From  a  paflage  in  a  pamphlet  of  Mr.  Mddge,  printed  in  1763,  which  I  have  feen,  and  xa 
quoted  by  Count  Bruhl  *",  it  is  clearly  (hewn  that  that  artift  had  the  notion  of  the  principle 
of  this  efcapement  in  his  mind  at  leaft  thirty-five  years  ago.  From  the  fame  author's  de^ 
fcription  it  appears  that  Mudge  had  organized  his  notions  in  the  prcfent  form  before 
Auguft  1771 J  and  completed  his  firft  time-keeper  two  years  afterwards,  viz.  in  1773.  '^^ 
performance  of  fuch  time-keepers  as  have  been  made  on  this  conftruftion  has  proved  ex- 
cellent, but  not  fuperior,  as  I  am  informed,  to  fuch  as  have  been  made  with  the  efcape« 
ment  No.  4.  There  are,  however,  many  circumftances  in  the  execution  of  the  workman* 
(hip  of  engines  of  this  delicate  nature,  which  mud  affe£l  their  performance  whatever  ma^ 
be  their  principle.  The  theory  of  Mudge's  efcapement  appears  to  be  more  perfedl  thail 
that  of  the  other.  But  whether  its  fix  pivots  in  the  time-meafurer,  which  require  oil  and 
adjuftments  for  pofition  when  intended  for  the  pocket,  and  the  care  required  in  fettling 
the  points  of  quiefcence  in  the  three  diftinft  fprings,  may  render  it  Icfs  eafy  to  be  carried 
into  pra£lical  effei>,  will  be  in  a  great  meafure  an  obje£t  of  opinion,  into  which  I  cannot 
now  enter. 

If  Mr.  ivifudge  was  the  firft  who  imagined  an  efcapement  abfolntely  detached^  I  think  it 
is  to  Mr.  Alexander  Gumming  that  we  are  indebted  for  the  firft  execution  of  a  like  con« 
trhrince  of  his  own.  This  well-known  artift,  in  the  year  1 763,  made  a  clock  for  the  king,  in 
which  there  was  no  fridion  during  the  repofe  of  the  movement,  and  the  maintaining 
power  was  applied  to  the  inclined  faces  of  a  pair  of  palletsf ;  and  fome  time  previous  to 
1766,  he  improved  the  fame  fo  as  to  render  it  as  perfe£tly  detached  as,  in  the  nature  of 
things,  an  efcapement  can  be.  As  this  has  been  fo  many  years  in  pofleflion  of  the  public^ 
and  18,  k  I  think,  fimplified  in  the  Iketch,  fig.  8, — I  (hall  only  fay  that  it  confifts  of  an  an« 
chor  like  that  of  Graham,  but  having  a  detent  or  claw  at  each  end  inftead  of  pallets,  and 
two  feparate  pallets  prefled  (by  a  lever  and  weight  to  each)  towards  the  centre  of  a  wheel 
like  AB,  ]6g.  2  \  that  thefe  pallets  are  feverally  raifed  during  the  abfence  of  the  pendulum^ 
which  difplaces  the  detent,  by  virtue  of  which,  when  the  pendulum  becomes  joined  with 
either,  the  maintaining  force  is  conftant  and  greater  in  the  defceni  than  in  the  afcent.  It 
fecma  reafohable  to  infer,  that  Mr.  Mudge  muft  have  paid  great  attention  to  the  efcape* 

■ 

*  On  the  invefti^tion  of  aftronomical  circles;  (page  3,  of  regifter)  a  pamphlet  of  32  pages  o^avo, primed iii 
Ltn&m  1794. 
'  f  CvHnmiiig'sElemenu  of  Clock  and  Watch  Work,  p.  78. 
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ment  of  Gumming  during  bis  labours  for  organizing  his  own^  whicb  he  did  about  iiYe 
years  afterwards. 

Fig.  8*  is  the  ficetch  of  an  adaptation  of  Mudge's  efcapement  to  a  clock.  L,M  is  part  of 
the  periphery  of  the  wheel.  GA^  GD,  are  two  arms  fcparatcly  moveable  on  the  fame 
axisj  and  terminating  in  the  pallets  A,  B.  Thefe  pallets  have  inclined  faces,  with  a  claw 
or  detent  at  the  -lower  part  of  each.  GO,  lO  are  tails  proceeding  from  each  pallet-piece 
refpe£iively,  and  the  dark  fpot  at  N  reprefcnts  a  pin  proceeding  from  the  pendulum  rod, 
and  capable  of  moving  cither  of  the  tails  according  to  the  courfe  of  the  vibration.  The 
dotted  circles  u  and  v  reprcfent  weights  which  are  iluck  upon  two  pins,  and  may  be 
changed  for  others,  greater  or  fmallcr,  until  the  mod  fuitable  quantity  is  found.  Suppofe 
the  wheel  to  be  urged  from  L  towarda  M,  and  the  pendulum  made  to  vibrate  by  external 
impulfe.  The  pin  N  proceeding  towards  L  will  ftrike  the  tail  G  O,  raife  the  pallet  A, 
and  fct  the  wheel  at  liberty ;  which  Aiding  along  the  inner  furface  of  the  pallet  B,  will  raifc 
it,  and  (lop  againft  the  claw  at  its  lower  end.  I O  will  confequently  be  carried  into  the  pofi- 
tion  IP  ;  and  the  pallet  A  in  its  return  will  be  oppoGte  a  vacancy,  which  will  permit  the 
tail  GO  to  follow  the  pin  N  as  far  as  the  perpendicular  fituation.  The  pendulum  will 
therefore  be  affifted  by  the  weight  u  through  a  longer  arc  in  its  defcent,  than  it  was  im- 
peded by  it  in  its  afcent.  In  the  oppofite  femi-vibratlon  towards  M,  the  pendulum  will 
proceed  unoppofed  by  v,  while  it  paflcs  through  the  ar^gle  OIP,  when  it  will  raife  B,  and 
permit  the  wheel  to  elevate  the  pallet  A.  In  the  motion  on  this  fide  of  the  perpendicular, 
it  is  alfo  clear  that  the  defcent  will  be  more  aflided  than  the  afcent  was  impeded. 
Whence  it  follows  that  the  clock  will  continue  to  go :  and  no  variation  of  the  force  of 
the  wheel  LM,  which  raifes  the  pallets  in  the  abfence  of  the  pendulum,  will  afFeft  the 
vibration,  except  fo  far  as  it  may  aftbrd  a  variable  refiftance  at  the  detent  or  claw. 

From  obferving  tliat  the  detached  efcapemcnts  require  a  very  ftrong  firft  mover*,  and  that 
pendulum  clocks  meafure  time  with  great  accuracy  by  means  of  Graham's  dead  beat 
efcapement,  fig.  a,  notwithftanding  the  influence  of  oil  and  friftion  during  the  repofe  of 
the  movement,  I  was  induced  to  contrive  an  efcapement  which  (hould  be  as  free  as  the 
crown  wheel  efcapement,  but  have  no  recoil  or  aflion  during  the  time  of  reft,  nor  any 
detent,  nor  require  oil  on  its  pallets.  I  made  a  drawing  at  the  beginning  of  the  year  1784, 
which  I  fliowed  to  various  mechanics  at  that  time.  It  has  fince  been  adapted  to  a  clock 
in  my  pofleflion,  and  has  been  going  very  freely  for  a  year  paft.  Fig.  9  is  a  (ketch  in 
which  GH  reprefents  a  (led  wheel ;  D  and  E  are  pallets  of  agate,  with  flat  poliflied  faces. 
The  pallet  D  is  fixed  to  the  lever  DC,  which  is  confined  to  its  prefent  fituation  by  the 
loaded  branch  or  arm  CB  reftlng  on  the  ftop  k.     The  lever  EC  is  alfo  kept  ia  its  fituation 

•  A  pocket  timc-piccc  by  Brockb^nk,  making  5  vibrations,  or  x\  beats  per  fccond,  the  rtdiu*  of  whofe 
balance  was  0.35  inch,  and  arc  dcrcribed  by  the  ejrtcrnal  furface  of  the  expanfion  pieces  0.45  inch  radius',  Wts 
maintained  by  a  force  which,  ou'  trial  at  th«  axis  of  the  fufee,  proved  equal  to  9}  oz.  troy,  paffiA^^  through 
ii*inchc$  in  24  hoars.  Another,  of  the  fame  dimenfions  and  conftru£^ion,  was  driven  by  1  ij  oi.  With  the  fame 
daily  fall.  And  a  large  box  timc-kerper  of  Arnold,  beating  half-fcconds,  with  a  balance  of  two  radii,  tadh 
one  inch  long,  was  maintained  by  a  like  force  of  1 13  ounces.  This  is  nearly  as  much  as  is  required  to  afford 
a  femi-vibration  of  3}^*  in  a  clock,  with  a  fcconds  pendulum  of  81b.  by  the  common  eight-day  train  with 
Graham*s  tfcnpcmcnt  (Ag.  a. ),  but  three  tiroes  as  much  at  b  required  for  m  well  made  regulator.  A  oo^nnoii 
jwratchwith  abalapcco.8  iofh  dlamucr,  watfound  to  have  a  maintaining  power  of  5}  oz.  falling  d|Uy  through 
te  inches. 
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by  the  loaded  arm  CA  reding  upon  I.  A  pin  N  proceeds  from  the  pendulum  rod  to  it* 
fituation  between  the  levers.  The  centre  of  motion  of  the  pendulum  is  in  the  continuation 
of  the  axis  of  the  pallets.  Suppofc  the  vibration  to  be  begun,  the  -pin  N  in  its  progrefs 
will  lift  the  pallet  D  tov^ards  L,  while  part  of  the  weight  13  will  be  fupported  by  the  tooth 
of  the  wheel  which  will  follow,  and  at  lad  efcape,  and  fufFer  the  oppofite  tooth  F  to  fall  on- 
the  pallet  E.  But  iii  its  return  or  defcent  the  pendulum  will  be  afted  on  by  the  whole 
weight  B,  and  confequently  its  vibration  will  be  kept  up.  When  the  pin  N  raifes  the 
pallet  E,  a  fimilar  efFe£l  will  take  place  on  the  Gde  of  the  perpendicular  towards  M,  and 
thus  the  proccfs  will  go  on  as  long  as  the  wheel  GH  retains  any  force. 

The  ancient  efcapemcnt  with  the  crown  wheel,  verge,  and  pallets,  has  continued  in  ufe  for 
three  centuries,  becaufe  of  the  advantage  of  an  almoft  direft  pu(h  againft  a  retiring  furface, 
which  enables  it  to  go  without  oil.  In  the  efcapcment  laft  defcribed,  the  impulfe  being  more 
direft  than  on  thofe  common  pallets,  it  goes  more  freely  without  oil ;  and  inftead  of  the  rc- 
aftion  at  the  ends  of  the  vibrations,  the  pendulum  is  perfedlly  difengaged  during  the  whole 
time  of  repofe. 

From  this  general  view  of  the  principal  efcapcments,  together  with  that  of  the  compen- 
fations  for  temperature  before  explained*,  the  philofophical  reader  may  form  fome  edimate 
of  the  cautions  requifite  to  form  the  valuable  indrument  by  which  a  meafure  of  time  is  af- 
forded. I  hope  it  fcarcely  need  be  added,  that  I  have  endeavoured  to  do  judice  in  the 
hidorical  narration,  and  fliall  be  happy  to  rectify  any  midakes,  if  better  information  fliould 
dete£l  them. 


II. 

Copy  of  a  Letter  from  Prcfeffor  WlLSONtofGlafgow^  on  the  ^rt  of  multiplying  Copies  of  engraved 

Plates  and  Stamps  in  relief  \. 

8 1  R,  Glafgow  College^  23^  March^  1 798% 

1  DOUBT  not  but  you  will  have  the  goodnefs  readily  to  excufc  the  liberty  which  I  take 
upon  the  prefent  occafion  of  addreffing  you  by  a  printed  letter.  I  have  been  induced 
to  do  fo,  the  more  conveniently  to  communicate  to  you  fome  account  of  what  poflibly 
may  be  thought  entitled  to  the  appellation  of  a  new  art,  and  which,  for  particular 
reafons,  it  has  been  thought  advifeable  to  make  more  or  lefs  generally  known,  even  at 
this  very  early  dagc  of  it. 

Some  years  ago,  upon  the  difcovery  of  the  fingular  property  of  the  fluor  acid  in  cor- 
roding glafs,  when  it  was  fo  common  to  hand  about  bits  of  glafs-plate  froded  over  by  thia 
chemical  agent,  it  happened  to  drike  me  that  we  were  indulging  too  long  in  a  barren  ad« 
miration  of  mere  novelty,  and  overlooking  a  matter  of  real  importance  to  which  it  evi« 
dently  pointed.    The  general  effe£l  of  what  then  fo  much  amufed  us^  when  the  plates 

^  Fhilof.  Journal,  I.  p.  56. 

f  I  firft  faw  this  letter  at  Sir  Jofcph  Banks's  j  but  having  fome  doubt  as  to  the  propriety  of  requcfting  it  of 
lumibr  publication,  I  fent  to  Mr.  Tallie,  who  favoured  me  with  another  copy  for  chat  cxprefs  purpofc.   N. 

were 
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were  viewed  by  tranfmitted  light,  fuggcftcd  the  poflTibility  of  formally  etching  with  deli- 
cacy and  pcrfedlion  upon  glafs.  This  thought  no  fooner  occurred  than  it  challenged  fome 
attention  in  confequeniM*of  perceiving  that  glafs,  from  its  extreme  hardnefs  and  lubricity, 
would  prefervc  the  execution  teftowed  upon  it  vaftly  longer  than  copper-plate,  were  it 
poiBble  to  introduce  its  fervices  at  the  rolling  prefs.  But  whilft  harbouring  thcfe  furmifcs,. 
the  extreme  fragility  of  glafs-plate,  contrafted  with  the  violent  preflure  it  muft  endure 
between  the  rollers,  had  well  nigh  made  me  relinquifli  ihem  altogether.  It  often  happens, 
however,  that  things,  which  at  the  firft  glance  feem  very  unattainable,  yield  to  a  little  re- 
flexion, when  they  are  fairly  fet  before  the  mind  in  the  light  of  valuable  defiderata. 

In  the  prefent  cafe  it  foon  became  very  evident,  that  the  thinnefl:  and  fraileft  piece  of 
glafs-plate,  whether  ftraight  or  uneven,  could,  in  regard  to  the  (Irongeft  prcflure,  either 
general  or  topical,  be  rendered  as  robuft  and  as  rigid  as  iron  or  (led.  The  expedient 
which  occurred  to  me  for  that  purpofc,  confilled  in  nothing  but  joining  the  glafs-platc 
to  flat  pieces  of  thefe  metals,  of  confiderable  thicknefs,  by  an  intervening  lamina  of  proper 
cement,  taking  care  that  it  affbrds  a  very  complete  contaft. 

Agreeable  to  this  it  is  well  known,  that  fo  far  back  as  the  year  179!,  by  fortifying  glafs- 
plates  of  a  moderate  fize  in  this  way,  and  aiding  them  further  by  a  fimple  ap;:aratus  on 
the  prefs  board,  I  fucceeded  completely  in  making  them  pafs  fafely  between  the  rollers, 
and  in  obtaining  many  impreflions,  fuch  as  the  fluor  acid  by  the  procefs  of  etching  could 
aSbr<i.  Upon  finding,  however,  that  the  bed  of  thefe  etchings  were  very  paltry,  and  ftill 
regarding  the  fafe  paflage  of  the  glafs  between  the  rollers  as  an  interefting  experiment,  I 
was  infenfibly  led  to  confider,  whether  by  the  lapidary's  wheel,  or  by  any  other  poflTible 
means  whatever,  we  could  fo  operate  upon  glafs-plate  as  to  render  it  a  producl:ive  fubject 
at  the  rolling  prefs.  This  ftep  appeared  of  fome  confequence,  as  being  all  that  was  now 
wanted  for  eftabliihing  an  improvement  not  deilitute  of  importance.  Not  long  after^ 
certain  views  and  methods  occurred  to  me,  which  recently  have  been  profecuted  experi- 
mentally, and  which  raife  confldcrable  expedlations  of  our  obtaining  the  maftery  over  an 
art,  whereby  the  tame  fcratchings  of  the  fluor  acid  would  be  left  far  behind,  and  the 
execution  and  fpirit  of  the  graver  itfelf  transferred  from  copper-plate  to  glafs-plate,  in 
infcriptions  of  all  kinds,  and  in  defigns  or  cmbellifliments  of  any  fort,  efpecially  where 
hatching  conftitutes  the  manner ;  and  all  this  with  the  further  advantage,  that  any 
number  of  fuch  glafs-plates  may  be  obtained  quite  alike,  as  being. derived  from  the  fame 
original  pattern. 

The  means  of  efFefting  a  matter  of  fuch  apparent  dilHculty,  like  moft  other  advances 
in  the  Arts,  or  even  in  the  Sciences,  as  foon  as  ever  propounded,  will,  doubtlcfs,  be 
thought  extremely  fimple  and  obvious.  But  whatever  fmall  portion  of  merit  may  be  al- 
lowed in  the  prefent  inftance,  (hould  the  means  prove  fully  adequate  to  the  end,  it  will 
partly  con  fill,  as  will  be  feen  immediately,  in  my  having  given  an  entire  new  direftion  to 
another  ingenious  art  which  has  been  long  cultivated,  and  by  none  with  fo  much  genius 
and  ability  as  by  the  juftly  celebrated  Mr.  Taflie  of  London. 

In  November  laft,  certain  circumftances  recalling  my  attention  to  the  prefent  objefl,  I 
was  led  to  explain,  by  letter  to  Mr.  Taflie,  the  method  of  printing  at  the  rolling  prefs  with 
glafs-platts,  and  to  fpecify  to  him,  at  fome  length,. the  fteps  by  which  I  wiftied  him  in> 

5  mediately 
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mediately  to  proceed,  in  attempting  for  me  the  execution  of  cafts  or  copies  in  glafs  from 
certain  copper-plates  vthich  I  fent  him,  and  which  I  had  got  engraved  here  for  the  pur- 
pofe.  It  afforded  me  much  fatisfa£lion  to  find  that  this  eminent  artift  received  my  appli* 
cation  with  great  candour,  and  that  he  purfued  the  obje£):  pointed  out  with  promptnefs^ 
about  which  I  had  applied  to  him  in  the  line  of  his  profefTion.  Though,  indeed,  at  the 
•beginning  fome  difficulties  flood  in  the  way,  yet  by  a  repeated  correfpondence,  and  tranf- 
miffion  of  different  efTays  from  his  furnace,  anfwering  to  patterns  fent  up  at  different  times 
by  the  mail  coach,  Mr.  TafBc  foon  furniflied  me  with  feveral  cafls  in  gla£s  and  enamel, 
from  engraved  copper-plates,  which  appear  to  juftify  my  firft  conceptions,  and  to  go  fome 
length,  even  thus  early,  to  enfure  the  fuccefs  of  the  plan  and  method,  which  I  had  brought 
forward. 

The  other  day  I  made  ready  for  printing,  three  of  tliefe  plates ;  two  of  them  bearing 
infcriptions,  and  the  other  a  head  in  profile  from  Le  Brun,  1  might  have  mentioned  that 
the  plates,  when  fully  finifhed,  have  an  appearance  of  great  elegance;  thofe  efpecially 
which  are  made  of  white  glafs,  called  enamel ;  and  it  is  remarkable  how  c.ifily  they  are 
cleaned  from  the  ink,  in  the  courfe  of  the  workmen's  operations,  though  they  never  are 
heated  farther  than  by  handling  tliem.  From  the  three  plates  above  mentioned,  I  now  take 
the  liberty  of  fending  you  proofs  *,  or  imprefCons,  inclofed.  So  far  as  I  know,  tliey  are 
the  firft  of  the  kind  ever  produced.  As  the  very  firfl  offerings,  therefore,  of  a  new  art^ 
they  may  pofTibly  appear  to  you  in  a  light  more  or  lefs  interefting,  and  as  an  cameft  of 
fomething  confiderably  more  perfeft  foon  to  follow,  when  we  are  allifled  by  engravings  pf 
fome  elegance,  and  executed  with  more  addrefs  in  feveral  rcfpeds,  with  a  view  to  a  de«  « 
ftination  fo  peculiar. 

It  will  not  efcape  you,  that  by  means  of  a  feries  of  glafs  plates,  inconfidcrablc  In  point 
of  number,  deriving  the  engraving  from  the  fame  original  pattern,  to  fucceed  one  ano^cr 
^t  the  prefs,  jufl  before  figns  of  wearing  might  appear,  a  vaft  many  impreflions,  MperfiBlj 
Jimilary  might  be  obtained,  even  for  ages.  This  at  once  would  be  bellowing  a  new  cha- 
racter upon  the  rolling  prefs,  which  hitherto  has  been  much  circumfcribed  in  this  refpe£l, 
by  the  perifhable  nature  of  engraved  copper-plates,  and  from  their  having  no  relation  ta 
any  common  archetype.  Much  could  be  (aid  of  the  advantages  of  thus  commanding. an 
ever  enduring  identity  ambngfl  the  imprefCons  afforded  by  engraved  plates,  even  of  a  fmall 
fize,  efpecially  in  the  inflance  of  circulating  Bank  Paper.  I  confcfs,  indeed,  it  was  the 
frequent  alarming  forgeries  upon  fuch  currency,  efpecially  that  of  the  Bank  of  England, 
which  moved  me  in  November  laft  to  bring  to  experiment  the  prefent  fchcmc,  which  Jias 
been  for  feveral  years  in  my  mind.  Should  the  glafs-platcs  be  carried  to  a  fufficient  pitch 
of  delicacy,  \  perceive,,  on  feveral  accounts,  that  they  would  afford  a  refuge  of  fmgular 
importance  againft  aH  attempts  of  forgery ;  provided  wc  were  to  found  upon  archetypes  of 
copper-plate  highly  elaborated,  and,  be  (ides  the  mere  infcription,  exhibiting  by  collateral 
«mbetlifhment  the  peculiar  manner  of  fome  eminent  mafter  in  the  art  of  engraving. 

•  It  would  hitve  b€cn  evidently  ufelefs  to  have  copied  thcfc  plates  hy  way  of  exhibition  to  the  reader.   They 
arc  not  didinguifliabic  firom  coppcf-platc  pnnts;  unlefs,  pcrhsps,  by  fome  minute  circumftanccs  arifing  from 
the  fubfcqucnt  polifliinj;  of  the  glafs.     But  this  laft  obfervation  muft  be  unccrtiiin,  unltfs  proofs  from  tile  ori*    • 
ginal  copper  were  alio  had  for  cocnparifoa.    -N. 

Before 
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Before  concluding,  I  may  juft  mention^  that  (hould  the  methods  followed  by  Mr«  Taflie, 
of  moulding  with  plaifter  of  Paris  and  Tripoli,  not  afford  fufBcient  delicacy  to  the  plates, 
I  am  already  not  without  other  refources  likely  to  carry  us  farther  in  arreding  an  art,  which 
feems  recommended  by  views  of  confiderable  utility.     I  allude  here  partly  to  a  method 
which  occurred  to  me  more  recently,  of  having  the  original  engraving  done  upon  a  flat 
and  poliflied  furface  of  flcel,  which,  by  the  fly  prefs,  may  be  communicated  to  a  flat  and 
polilhed  piece  of  pure  gold.     This  to  ferve  in  the  furnace  as  2,  permanent  mould  for  giving 
the  impreflion  to  the  glafs.     From  fome  experiments  I  have  aftually  made  in  a  fmall  way, 
it  (hould  feem  as  if  this  procefs  promifes  well ;  particularly,  by  giving  the  fire  furface  ftill 
more  delicacy,  and  which,  confequently,  would  require  a  fmaller  degree  of  finifhing,  in 
the  procefs  for  bringing  it  ultimately  to  a  fufEcient  polifh  ;  upon  which  circumftance  alone, 
now  depends  the  certainty  of  our  being  able  virtually  to  engrave  upon  glafs-plate,  with  a 
very  confiderable  degree  of  perfeftion.     Should  it  be  neceflary  in  the  end  to  refort  to  the 
gold,  Mr.  Taflle's  confummate  (kill  and  addrefs  at  the  furnace,  in  the  application  of  the 
glafs,  would  doubtlefs  contribute  greatly  to  the  fuccefs. 

One  recommendation  amongft  others  of  this  method  would  be,  that,  from  the  in- 

deftrufltble  nature  of  pure  gold,  if  properly  managed  in  applying  the  heat,  all  the  plates 

would  a£lually  be  derived  from  one  and  the  fame  mould ;  whereas,  by  the  other  method, 

the  moulds  themfelves,  which  are  nece(rary  for  every  ca(t,  are  derivative,  though  indeed 

from  the  fame  original  pattern. 

I  have  the  honour  to  be.  Sir, 

Your  mod  obedient  fervant, 

PAT.   WILSON. 

P.  S.  I  have  purpofcly  rcferved,  to  follow  in  a  poflfcript,  a  very  (hort  mention  of  another 
fubjeA  bearing  a  clofe  analogy  to  the  foregoing. 

Yon  may  perhaps  know  that  of  late  years  the  art  of  cutting  defigns  upon  box-wood  has 
trrived  at  an  uhconimon  degree  of  perfedion,  and  that  the  celebrated  Meflrs.  Bewicks, 
efpecially,  have  carried  their  execution  in  this  refpe£lr  to-  a  pitch  of  elegance  rivalling 
copper-plate,  and  which  was  believed  to  be  utterly  unattainable  before  their  time. 

Having  often  regretted  that  fach  rare  fpecimens  of  art,  as  they  have  produced,  were 
(b  perifhable,  from  the  frailnefs  of  the  materials  upon  which  fo  much  genius  and  labour 
%rere  expended,  I  was  induced  alfo  to  fend  to  Mr.  Taffie,  amongft  other  models,  fome 
deligns  in  box-wood,  executed  by  Mr.  Bewick,  with  diref^ions  to  mould  from  them, 
rn  the  vie^  of  obtaining  cafts  or  copies  in  glafs.  The  returns  which  I  received  to 
aH  thofe  patterns  completely  anfwcred  my  exipeflations,  as  being  tt  otiee  as  perfed  as  tlie 
driginals. 

From  the  fiiccds  df  this  experi'mrent,  which  alfo  I  have  had  long  in  contemplation,  and 
from  what  has  b^en  eftabtilhed  in  the  way  of  making  glafs  fafely  rcfxft  any  preflure,  it  will 
readily  occur  that  an  improvement  of  confiderable  magnitude  has  now  been  fhown  evi- 
dently to  depend  upon  a  proper  co-operation  of  the  two  arts  of  engraving  upon  box-wood, 
or  upon  brafs,  and  of  moulding,  with  a  view  of  obtaining  fuck  cuts  or  engravings  in  fo 

dur;il)le  a  fubftance  as  glais. 

P-  W. 

~  Illr    InftruStions 
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Preliminary  Ohfci'vations, 


RON  is  a  combuftible  body.  It  lofes  its  metallic  properties  by  being  burned.  When 
iron  filin[;s  arc  cxpofcd  to  (Irong  heat  in  a  crucible,  and  frequently  (lirrcd  to  bring  the 
parts  fucceflively  in  contact  with  the  air,  the  metallic  afpeci  difappcars.  It  aflumes  a 
brick- duft  colour,  and  is  found  to  have  incrcafcd  in  weight.  Part  of  the  air  of  the  atmo- 
fphere  has  combined  with  it,  and  produced  this  change.  This  portion  of  the  atmofphcrc 
is  called  oxygene. 

Iron  is  found  in  this  (late  in  its  ores.  The  procefs  of  extrafting  it  from  thefe  ores  prin- 
cipally confifts  in  depriving  it  of  oxygene. 

Charcoal  has  the  property  of  cfFefting  this  change.  During  combullion  it  abforbs  and 
unites  with  oxygene,  and  it  will  attradl  the  oxygene  from  iron  when  thefe  fubftances  arc  in 
contadl  at  an  elevated  temperature.  Thefe  cfFcfts  of  air  and  charcoal  are  very  perceptible 
when  tin  is  kept  in  fufion.  A  grey  pellicle  is  foon  formed  on  the  furface,  which  has  no 
metallic  fplendour.  If  this  pellicle  be  taken  oiF,  a  fecond  is  formed,  and  in  this  manner 
the  whole  of  the  tin  may  be  converted  into  a  fubdance  refembling  earth,  and  known  by  the 
name  of  drofs.  By  expofure  of  the  drofs  to  heat,  together  with  a  fmall  quantity  of  char- 
coal powder,  tallow,  or  refin,  the  oxygene  is  abforbed  by  thefe  combuftible  fubftances,  and 
the  tin  becomes  reduced  to  the  metallic  ftate. 

Charcoal  not  only  poflcflcs  the  property  of  depriving  the  iron  of  the  air  which  was 
united  with  it,  but  it  is  alfo  capable  of  being  diiTolved  in  the  iron  in  a  ftrong  heat,  and  by 
this  folution  it  communicates  new  properties  to  it.     It  changes  it  into  fteel  f . 

Crude  or  caft  iron  may  be  confidered  as  a  metal  not  completely  reduced,  which  confe- 
quently  retains  a  portion  of  the  baGs  of  air,  or  oxygene,  to  which  it  was  united  in  the  ore  \ 
and  as  this  redu£lion  may  be  carried  farther  according  to  circumftances,  the  confequent 
variations  are  among  the  leading  caufes  of  the  different  properties  we  obferve  in  caft  iron. 
The  white  caft  iron  accordingly  holds  in  folution  much  oxygene  and  little  charcoal  \  the 
grey  caft  iron  on  the  contrary  contains  more  of  this  laft  fubftance,  but  is  much  more  per- 
fe£lly  deprived  of  oxygene.  A  greater  proportion  of  coal  muft  be  ufed  in  the  furnace  to 
obtain  this  laft.  The  properties  of  thefe  two  kinds  of  iron  depend  only  on  this  diflerence : 
the  former  is  more  brittle  and  fufible,  but  it  is  eafy  in  the  refining  furnace  to  deprive  it  of 
oxygene  by  the  a£lion  of  ignited  charcoal,  which  combines  with  this  principle.  The  fe- 
cond has  retained  lefs  oxygene,  but  contains  much  more  charcoal.  It  is  fofter,  and  prefer- 
able for  fuch  ufes  as  require  this  foftnefs ;  but  it  is  more  difficult  to  convert  it  into 
malleable  iron,  becaufe  a  larger  portion  of  coal  is  required  to  be  deftroyed,  and  in  this 
ftate  it  confiderably  refifts  combuftion. 

♦  I  have  omittc<l  a  few  political  reflcdlions  of  a  remporary  nature  contained  in  this  memoir. 
+  Other  ingredients  enter  into  ftccl,and  are  perhaps  t-flcniial  to  it,  particularly  phofphorus.     See  thcanalyfis 
ofV&u^uelin.    Fhilof.  Journal,  I.  252. 
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Forged  iron  perfc£):ly  refined  would  confift  of  the  metal  completely  reduced,  and  con- 
taining no  foreign  fubftance,  not  even  charcoal.  Such  iron  is  not  to  be  met  with  in  the 
market.  The  beft  Swedifh  iron  always  contains  a  portion  of  oxygene  which  has  efcaped 
the  operations  of  the  furnace  and  the  refinery,  and  it  is  always  contaminated  by  a  dofe  of 
charcoal,  very  fmall  indeed,  but  which  perhaps  it  is  impoffible  totally  to  eradicate. 

Other  circumftances  likewife  influence  the  qualities  of  iron,  particularly  with  refpeft  to 
the  fabrication  of  fteel.  This  metal,  according  to  the  nature  of  the  ores  which  aflPord  it, 
may  have  the  defers  of  being  brittle  when  cold,  or  brittle  when  hot.  Thefc  are  refpec- 
tively  called  cold-(hort,  or  rcd-fliort  iron.  Wc  (hall  not  here  difcufs  the  caufes  which 
produce  thefe  bad  qualities*  ;  but  ihall  only  remark  that  fuch  iron,  or  its  ores,  affords  bad 
fteel,  and  muft  therefore  be  carefully  avoided. 

Steel  is  diftinguiihed  into  three  kinds : — ^natural  fteel ;  fteel  of  cementation  \  and  caft 
fteel. 

Concerning  Natural  SueL 

THE  fteel  obtained  immediately  from  the  ore  by  fimple  fufion,  is  called  natural  fteel. 
It  is  likewife  diftinguiftied  by  the  name  of  German  fteel,  becaufe  it  comes  principally 
from  Germany. 

Whether  the  crude  iron  fliall  affume  the  nature  of  bar  iron,  or  of  fteel,  depends  on  cit- 
cumftances ;  but  thefe  are  not  difficult  to  be  explained,  from  the  dodlrine  already  laid 
down. 

Grey  crude  iron  is  alone  proper  to  afford  fteel ;  for  which  purpofe  it  is  requifite  that 
the  oxygene  it  contains  fliould  be  feparated,  and  the  coal  from  which  its  grey  colour 
arifes  fliould  be  intimately  combined  with  it.  The  converfion  of  the  crude  iron  into  fteel 
depends  on  thefe  proceffes  f  • 

Hence  it  follows  as  a  leading  rule,  that  no  attempts  muft  be  made  to  convert  the  white 
crude  iron  into  fteel  in  this  way,  notwithftanding  it  may  be  capable  of  afibrding  excellent 
bar  iron*  The  firft  operation  muft  be  condu£led  in  fuch  a  way  as  to*  afibrd  grey  crud^ 
iron,  by  adding  a  greater  proportion  of  coal  in  the  charge  of  the  furnace*. 

The  appearance  of  crude  iron  is  often  deceitful  with  refpe£t  to  its  nature.  The  grey 
crude  iron  in  plates  or  fmalf  portions,  fuddenly  cooled,  has  the  colour  of  the  white  crud^ 
iron.  But  the  nature  of  theft  irons  may  be  afcertained  by  the  fimple  proceft  defcribed  at 
the  end  of  this  memoir. 

When  a  proper  crude  iron  is  in  readinefs,  it  is  neceffary,  in  order  to  convert  it  into  bat 
iron,  that  it  Qiould  be  much  more  expofed  to  the  a£lion  of  the  air  by  frequent  ftirring,  and 
by  removing  the  fcorise  *,  but  when  fteel  is  defired,  it  is  lefs  expofed,  and  fuffered"  to  remain 
covered  by  thofe  fcoriae.  In  the  former  procefs  the  charcoal  is  burned  by  the  conta£l  of 
the  air,  and  the  iron  is  left  confidierably  more  pure ;  but  in  the  fecond  the  charcoal  is  pre* 
ierved  \  part  of  which  combines  with  the  oxygene  which  ftill  remained  in  the  iron,  and. 

*Cold-ihort  iron  is  affiirded  by  ores  which  contain  a  finall  portion  of  phofphoric  acid;  which  combines  with 
die  metal  in  the  ftate  of  pbofphorus.  Rcd-ihort  iron,  which  is  much  lefs  common  than  the  other,  contains 
arfenic;  but  it  is  probable  that  the  other  femi-metals  may  produce  the  fame  c&6t.  Ifoie  of  ibe  atabtrs^'^B^O' 
bably  the  volatile  metals  may  moft  eminently  conduce  to  this  t&t€t*    N% 

f  See  Philofk  Journal,  I.  318. 
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ferves  to  fq^anite  it^  while  the  other  portion  combines  with  the  iron  itfelfi  and  gives  it  the 
qualities  ef  (leeL 

The  dtfpoGtion  of  the  hearth  or  fire-place,  and  the  poCtion  of  the  tuyer  or  nozle  of  the 
bellowsi  are  two  obje£ls  which  require  much  attention.  In  order  to  obtain  iron,  the  fire- 
place jnuft  be  larger  than  for  fteel,  and  the  tuyer  muft  be  inclined  fo  as  to  dire£l  the  blaft 
to  the  furface  of  the  iron.  The  hearth  is  to  be  filled  with  charcoal,  and  the  crude  iron 
placed  thereon  to  the  level  of  the  upper  part  of  the  tuyer.  The  heat  is  applied  mode- 
rately, and  by  degrees,  in  order  that  the  iron  may  not  flow,  but  be  kept  in  the  ftate  of  ft 
paile.  It  is  to  be  ftirred  occafionally  with  the  rake,  frequently  brought  into  the  direflion 
of  the  blaft,  and  the  fcorise  muft  from  time  to  time  be  ta!:en  out. 

To  produce  fteel,  a  bed  of  fmall  or  powdered  charcoal  is  to  be  laid  round  the  fire-place, 
which  muft  be  moiftencd  and  rammed  down.  Light  fufible  fcorise  are  added  y  the  tuyer  is 
ufually  more  inclined,  and  the  fufion  more  haftily  urged,  in  order  that  the  metal  may  flow, 
and  immediately  fink  beneath  the  fcoris,  which  are  not  removed  till  the  end  of  the  opc-^ 

ration. 

The  fame  proccfles  are  not  every  where  followed :  but  a  little  attention  ferves  to  (how 
that  they  are  all  founded  on  the  fame  principles ;  namely,  that  in  producing  fteel  the 
coaly  principle  of  the  iron  is  not  burned,  whereas  in  the  produ£lion  of  bar  iron  the  ope- 
ration is  fo  condu£ted  as  to  burn  that  principle.  We  fiiall  proceed  to  mention  fome  in- 
ftances. 

In  Styria^  where  good  fteel  is  made,  the  caft  iron  is  reduced  into  thin  plates,  which  are 
fufed  in  the  refinery.  The  ordinary  mafies  or  loupes,  which  have  been  fuSered  to  cool  in 
the  furnace,  infiead  of  having  been  drawn  oiF,  are  alfo  fufed  for  fteel,  of  which  they  have 
begun  to  aflume  the  charadler  during  their  maceration  in  the  pot,  which,  with  this  inten* 
tion,  was  lined  with  charcoal,  and  wherein  they  were  covered  with  the  fcorie.  The  plates 
as  well  as  thefe  mafies,  which  are  previoufly  divided  into  fmaller  pieces,  are  refined  with 
the  precautions  neccHary  to  determine  the  formation  of  fteel. 

A  circumftance  which  contributes  much  to  the  goodnefs  of  the  fteel  is,  tliat  after  it  has 
been  drawn  out  by  the  hammer,  the  bars  are  thrown  red-hot  into  water,  and  afterwards 
broken  in  pieces  for  the  purpofe  of  feparating  the  perfeft  fteel  from  that  which  is  of  the 
nature  of  iron.  The  hard  fteel  is  alfo  feparated  from  the  foft.  Packets  or  trufles  of  thefc 
are  made  up,  confifting  of  twelve  or  fifteen  pieces  each,  obferving  that  the  two  outer  pieces 
are  foft  fteel.  Thcfe  trufles  are  welded  together,  and  drawn  out  again  to  a  fmall  fize  ;  by 
which  means  the  quality  of  the  fteel  is  rendered  confiderably  more  uniform.  The  greatefl; 
quantity  of  German  fteel,  as  well  as  that  which  is  moft  efteemed,  is  made  in  Carinthia. 
Their  procefles  deferve  to  be  particularly  attended  to.  We  ftiall  here  give  a  ihort  account 
of  the  particulars  from  Haflfenfratz,  who  made  his  obfervations  on  the  fpot,  and  has  com-* 
municated  them  to  us. 

The  crude^ron  is  reduced  into  thin  plates,  or  leaves,  when  it  is  drawn  from  the  fmelt- 
ing  furnace.  For  this  purpofe  a  mould,  or  hcmifpherical  cavity,  is  prepared  before  the 
furnace.  It  is  formed  of  the  Cconx  reduced  into  very  fine  powder,  and  wetted  to  make 
them  adhere  together. 

The  work  is  then  opened  with  an  iron  bar,  in  order  that  the  fcoria  may  flow  into  the  moulcf, 
and  diflipate  its  moifture.  Thefe  are  in  the  next  place  taken  out,  and  the  metal  itfelf  is  fuffered 
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to  fiow  at  firft  in  a  fmall  ftream,  and  afterwards  more  fpecdilf .  The  aperture  b  enlarged 
in  proportion  as  it  flows  out,  and  at  laft  the  fcoriae  fall  on  the  iron,  and  cover  it  iu  the 
mould.  The  furnace  is  then  again  clofed,  and  the  blaft  renewed.  Water  being  thrown  on 
the  fcorix  which  occupy  the  upper  portion  of  the  mould,  they  become  fixed,  and  in  this 
ftate  arc  removed.  A  fecond  portion  of  water  is  then  thrown  on  the  naked  furface  of  the 
metal,  which  congeals  to  a  fmall  depth.  The  thin  congealed  plate  is  taken  off,  and  a  fcr 
cond  afpcrfion  of  water  is  made,  whiqh  aflTords  a  third  plate.  In  this  manner  the  procefs  is 
continued,  until  as  much  of  the  metal  is  converted  into  plates  as  can  be  effe£ted  during 
the  fluidity  of  the  mafs. 

At  fome  works  the  iron  is  melted  in  a  particular  furnace  from  the  pig,  for  this  purpofe  ; 
but  this  fecond  operation  is  evidently  wafteful  both  of  time  and  fucU 

The  plates  arc  intended  to  be  made  into  either  iron  or  fteel.  ^, 

In  the  procefs  for  making  bar  iron,  the  firft  operation  confifts  in  roafting  the  plates  oi)  a 
hearth,  upon  which  they  are  arranged ;  a  paflTage  being  formed  with  bricks,  in  order  that  the 
wind  of  the  bellows  may  be  dircdled  from  one  extremity  to  the  other.  They  are  then  covered 
with  charcoal,  and  urged  ftrongly  with  the  bellows.  The  plates  by  this  roafting,  which 
deftroys  the  charcoal  of  the  caft  iron,  begin  to  aflTume  the  qualities  of  bar  iron,  after  which 
they  are  carried  to  the  finery  furnace.  The  body  of  this  furnace  is  more  capacious  than 
that  which  is  intended  for  fteel.  The  iron  is  covered  with  charcoal  and  fcoriae,  and  the 
tuyer  is  inclined  fo  that  the  blaft  ftrikes  on  the  plates  of  metal.  When  the  fufion  is  com- 
•  plete,  the  fcorix  are  let  out,  the  mafs  is  frequently  turned  to  expofe  it  to  the  blaft,  and, 
laftly,  the  procefs  being  completed,  the  iron  is  conveyed  to  the  hammer. 

If  the  objeft  be  to  form  fteel,  the  furnace  made  ufe  of  is  more  contrafled  and 
deep.  It  is  lined  with  pulverized  charcoal,  moiftened  and  rendered  folid  by  beating. 
The  plates  are  difpofed  therein,  and  covered  with  fcoriae  and  charcoal.  The  ppfition  of 
the  tuyer  is  nearly  horizontal,  in  order  that  the  ftream  of  air  may  ftrike  the  fuel,  and  not 
the  metal.  When  the  metal  begins  to  aflTume  the  folid  ftate,  the  coal  is  taken  ofl^,  the 
fcoriae  are  fufi^ered  to  flow  out,  andfcales  and  fragments  of  fteel  are  driven  by  hammering, 
into  the  foft  mafs. 

The  piece  is  afterwards  melted  a  fecond  time  with  the  fame  precautions  as  before  ;  and 
when  the  metal  is  thought  to  be  fuflSciently  refined,  the  fcorix  arc  drawn  ofi^,  and  the 
mafs  is  conveyed  to  the  hammer  to  divide  it  into  fcveral  pieces,  which  are  to  be  feparately 

forged  out. 

We  fee  that  all  thefe  operations  are  dire£bed  to  the  means  of  deftroying  the  charcoal 
of  the  crude  iron,  when  bar  iron  is  wanted  ;  but  when  fteel  is  required  to  be  made,  the 
metal  is  not  only  prefervcd  from  the  contadl  of  the  air,  but  the  vcflcl  is  lined  with  char- 
coal, in  order  that,  by  its  contaft  with  the  fufed  matter,  it  may  fupply  any  porlion  of  thatf 
principle  which  may  be  wanting. 

In  the  foregoing  procefs  there  arc  two  fufions  of  the  metal.  In  the  latter  it  is  not  only 
completed  by  the  fecond  fufion,  but  it  is  rendered  more  homogeneous.  Tliis  method  is  ex- 
cellent, and  is  perhaps  the  only  means  by  which  an  exceedingly  good  fteel  can  be  had. 

The  other  part  of  the  procefs  is  worthy  of  much  attention,  namely,  the  reduction  of  the 
crude  iron  into  plates.    When  bar  iron  is  wanted,  thefe  plates  roaft  with  more  facility. 
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on  account  of  the  great  furface  they  prcfent  to  the  air.  And  when  fteel  U  wanted,  they 
are  more  readily  fufed,  and  fink  beneath  the  fcorix,  which  prevents  the  charcoal  of  the 
iron  from  being  confumed  by  the  aftion  of  the  air.  On  the  contrary,  they,  abforb  what 
might  have  been  wanting  from  the  lining  of  the  veflel,  which  is  prepared  in  fuch  a  man- 
ner as  to  fupport  itfelf  without  being  confumed  through  the  whole  of  the  operation. 

When  the  fteel  has  congealed  in  the  furnace,  it  is  taken  out  and  divided  into  feveral  por- 
tions more  or  lefs  confiderable,  which  are  carried  to  the  hammer.  Here  a  feparation  is 
made  of  fuch  portions  as  are  not  reduced  into  fteel,  but  iron*  and  which  occupy  the  fur* 
face  of  the  pieces.  Each  piece  is  drawn  out  into  bars,  which  are  reduced  into  other 
fmaller  bars  of  different  dimenfions,  by  (eparating  the  fofteft  parts  from  thofe  which  are 
more  hard. 

For  fteel  of  a  fuperior  quality,  feveral  bars  of  the  foft  and  hard  kinds  are  united  by 
welding  and  forging.     The  hardeft  are  placed  in  the  middle. 

We  have  ftiown  that,  in  order  to  obtain  fteel  from  crude  iron,  it  is  neceflary  to  have  an 
iron  abounding  with  coal  j  but  there  is  an  excefs  which  is  hurtful.  The  black  crude  iron, 
which  contains  too  much  coal,  affords  a  fteel  fo  brittle  as  to  be  of  no  ufe.  This  kind  of 
fteel  becomirs  fixed  with  more  difficulty  than  good  fteel.  When  the  workman  perceives 
this  fymptom,  he  may  prevent  the  bad  cffcCt  by  adding  a  certain  quantity  of  old  iron 
fragments,  which  deprives  the  too  ftcely  metal  of  its  excefs  of  coal,  and,  by  incorporating 
with  it,  produces  an  uniform  mafs  of  good  fteel.  When  the  crude  iron  is  of  fuch  a  na- 
ture as  to  afford  brittle  fteel,  it  is  ufual  to  mix  in  the  refining  furnace  a  quantity  of  another 
kind  of  crude  iron,  which  may  modify  its  quality. 

Though  iron  and  fteel  are  diftinguifhable  by  very  ftriking  qualities,  there  is,  neverthelefSf 
a  point  of  contaQ  at  which  they  are  confounded  :  the  fofteft  fteel  may  be  confidered  as  a 
very  hard  iron,  and,  in  fa£t,  the  feveral  kinds  of  iron  differ  in  hardnefs  by  the  fame  prin« 
ciple  which  conftitutes  fteel.  They  all  retain  a  fmall  portion  of  charcoal,  which  efcapes 
the  operation  of  refining.  Thofe  which  contain  the  leaft  are  under  like  circumftances 
more  flexible,  foft,  duftile,  and  fufceptible  of  acquiring  by  the  action  of  the  hammer  that 
fibrous  form  which  conftitutes  what  is  called  the  grain  of  iron.  Hence  it  is  that  different 
kinds  of  bar  iron  are  fometimes  obtained  from  the  fame  crude  Iron,  though  the  operation 
is  apparently  the  fame.  It  is  fuflicient  for  this  efl^edt  that  the  inclination  of  the  tuyer  be 
changed. 

Concerning  Steel  obtained  by  Cementation. 

THE  fteel  of  cementation  is  formed  by  means  of  a  cement,  with  which  bars  of  forged 
iron  are  furrounded  in  a  cafe  difpofed  in  the  middle  of  a  furnace,  where  they  arc  fubjedcd 
to  a  ftrong  heat. 

We  muft  repeat  that  the  good  quality  of  the  iron  Is  a  condition  Indlfpenfable  for  obtain- 
ing good  fteel.  It  is  of  importance  to  choofe  the  beft  kind  ;  and  the  Englifli,  who  almoft 
exclufively  prepare  the  fteel  of  cementation,  retain  for  that  obje£l  all  the  iron  of  Roflagia, 
which  is  the  beft  iron  of  Sweden,  and  for  which  they  pay  a  high  price. 

It  is  not  enough  that  the  iron  ftiould  contain  no  noxious  principle.  It  is  alfo  neceflary 
that  it  Ihould  be  forged  with  care,  and  its  parts  well  united.     For  if  it  contain  flaws  or 
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clefts  within  the  bari^  they  become  much  more  perceptible  when  the  iron  hat  Acquired  the 
nature  of  fteel  \  and  it  would  not  be  praflicable  to  unite  them  perfeflly,  becaufe  the  parts 
of  fteel  are  much  lefs  difpofcd  to  weld  and  adhere  together  than  thofe  of  iron*  We  have 
had  convincing  proofs  in  our  own  experiments)  that  the  irons  of  France  of  good  quality, 
fuch  as  thofe  of  the  ci-devant  Berry «  afford  only  a  bad  fteel  when  cemented  in  the  (late  they 
ufually  are  delivered  in  from  the  forge;  but  the  fame  iron,  after  having  been  carefully  forged 
and  hammered,  formed  fteel  equally  good  with  that  which  had  been  made  at  the  fame  time 
from  an  excellent  iron  of  Sweden.  In  another  experiment  the  fteel  prepared  with  iron  of 
the  ci-devant  comte  de  Foixy  which  had  been  well  forged,  produced  fteel  of  a  quality 
equal  to  that  which  had  been  obtained  in  the  fame  operation  with  SwediOi  iron. 

Hence  it  refults,  1 .  That  the  beft  Swedifli  iron  owes  its  property  of  forming  good  fteel)  lefs 
to  any  particular  quality  of  the  ore  than  to  the  care  with  which  it  is  forged  and  fubmitted 
to  the  a£tion  of  the  hammers :  2.  That  we  poflefs  in  France  irons  capable  of  aflPording  good 
fteel,  provided  care  be  taken  that  they  be  vvcll  forged;  but  the  mere  negle£b  in  this  ope- 
ratiqn  may  prove  fatal  to  a  plan  in  other  rcfpefts  well  conduced. 

The  firft  attention  which  ought  therefore  to  be  paid  in  the  attempt  to  manufa£ture  fteel 
Is  to  procure  good  iron,  to  examine  whether  it  be  well  forged  ;  and  in  cafe  this  operation 
lias  not  been  fufficiently  attended  to,  it  muft  be  forged  and  made  found  before  it  is  fub- 
jeflcd  to  cementation. 

It  has  long  been  fuppofed  that  the  cement  proper  for  the  fteel-making  procefs  ought  to 
contain  faline,  inflammable,  fat  or  fulpbureous  parts,  which  were  fuppofed  to  penetrate  the 
iron  and  change  it  into  fteel.  Hence  have  arifen  many  pretended  fecrets,  which  have  di* 
verted  the  attention  of  thofe  who  have  engaged  in  undertakings  of  this  kind  under  the 
guidance  of  ignorant  pretenders.  There  are  no  fecrets  in  the  compofition  of  the  cement. 
The  Englifli  ufe  no  material  but  the  charcoal  of  wood  reduced  to  powder ;  and  in  izOt  the 
only  eflcntial  condition  is,  that  the  iron  fliould  become  impregnated  with  the  very  fubftancc 
of  the  charcoal  uniformly  to  its  centre. 

When  the  bars  or  plates  of  iron  which  are  to  be  converted  into  fteel  are  ready  for  the 
furnace,  they  are  cut  to  the  length  of  the  cafe  or  crucible  in  which  the  cementation  is  to  be 
made.  A  bed  of  charcoal  powder,  fifted  through  a  coarfe  Ceve,  and  flightly  wetted,  is  laid 
in  the  bottom  of  the  cafe.  Upon  this  is  placed  a  row  of  iron  bars  at  a  little  diftance  from 
each  other.  This  firft  layer  of  iron  is  then  covered  with  a  bed  of  charcoal  powder,  which 
fills  the  fpaces  within  the  bars,  and  rifes  to  the  height  of  half  an  inch  above  them.  A  new 
range  of  bars  is  then  laid  and  covered  with  charcoal  as  before,  and  in  this  fucceflive  way 
the  operator  proceeds  till  the  cafe  is  full.  The  laft  row  is  covered  with  charcoal  powder, 
over  which  is  laid  a  bed  of  fand  to  cover  its  furface  entirely,  and  prevent  its  being  deftroyed 
by  combuilion.  The  fand  muft  be  moiftened  and  well  preffed  together  in  the  form  of  a 
roof,  rifing  higher  than  the  fides  of  the  cafe,  fo  as  to  be  feveral  inches  thick  in  the  middle. 

When  the  preparation  or  charging  of  the  cafe  is  finiflied»  the  furnace  is  difpofcd  for 
making  the  fire,  which  is  gradually  increafed,  and  muft  be  kept  up  for  a  longer  or  fliorter 
time  according  to  the  quantity  of  fteel,  and  confequently  according  to  the  fize  of  the  cafe. 
At  Ncwcaftle,  where  between  twenty-five  and  thirty  thoufand  weight  of  fteel  is  cemented 
m  two  cafes  contained  in  a  furnace,  the  operation  lafts  five  days  and  five  nights.     At  one 
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oif  tnc  extremities  of  the  furnace  as  well  as  of  the  dafci  it  is  ufual  to  form  a  hole,  by  wMch 
a  bar  m^y  be  taken  cut  when  it  is  fiippofcd  that  the  cementation  may  be  fufEcientlv  ad- 
vanced.  ,Thc  workman  judges  from  the  colour,  and  theblifters  on  its  furfocc,  whether  the  ^ 
fteelbe  perfcti*.  .If  he  cannot.depehdpri'his  judgment  In  tliis  rcfpcft,  trial  is  made  of  this 
fteel  by  hardening  and  breaking  it.  If  the  cementation  have  not  penetrated  as  far  as  the 
cetitre,  it  is  e^fy  to  diftinguifii,  by  the  fibrous  fra£lure,  that  part  which  ilill  retains  the  nature 
of  iron. 

When  the  fteel  Is  taken  out  of  the  cementing  furnace,  its  furface  is  covered  withinequa* 
litics  and  bliftiers,  whence,  it  is  called  blifter  fteel.  In  this  ftate  its  frafture  prefents  very 
larg^  facets,  and  refemble's  brittle  iron  of  a  bad  quality.  Before  it  is  brought  to  market  it  is 
ufiiailly  .forged  into  flat  bars  feven  or  eight  lines  broad  ;  after  which  it  is  fudtredto  cool  in 
the  air  without  plunging  it  in  wateir.     By  this  treatment  its  grain  becomes  much  clofer. 

As  the  extremities  of  the  bars  thus  converted  into  fteel  are  ufually  flawed  and  lefs  per- 
fcfl,  they  are  cut  ofi^  and  forged  together  in  faggots.  This  fteel  is  ufed  for  inftrumcnts  of 
agriculture.  If  the  fire  have  not  been  fufEciently  aftive,  or  kept  up  for  the  proper  time, 
the  bars  are  not  cemented  to  the  centre;  whence  they  become  of  unequal  hardnefs,  cfpe* 
cialjy  if  they  be  not  very  carefully  forged.  When  the  fire  has  been  too  intenfe,  the  fteel  be- 
comes too  brittle,  and  diflScult  to  be  xhanaged  on  account  of  its  having  diflblved  too  large 
9  quantity  of  charcoal-  "Yet  it  is  impoflTible  to  eftablifli  any  rule  for  the  management  of 
the  fire,  becaufe  it  muft  vary  according  to  the  form  and  Cze  of  the  furnace,  the  number 
and  thicknefs  of  the  bars,  and  the  nature  of  the  fuel. 

The  forip  and  magnitude  of  the  furnaces  vary  confiderably  in  the  diffbrent  works  where 
iron  is  cemented.  The  objefls  to  be  aimed  at  are,  to  give  the  furnace  a  degree  of  foHdity 
which  fliaU  enable  it  to  r#fift  a  great  number  of  operations,  to  caufe  the  flame  and  heat  to 
circulate  equally  on  all  jides  of  the  cafe,  and  to  produce  the  greateft  quantity  of  heat  with 
the  fmalleft  expence  of  fuel. 

One  very  important  obfervation  refpefting  the  extent  of  dimcnfions  which  may  be  given 
to  thefc  furnaces  is,  that  no  advantage,  or  at  leaft  very  little,  in  the  confumption  of  fuel  is 
obtained  by  enlarging  thefe  dimenfions,  becaufe  it  is  neceflfary  that  the  whole  of  the  heat 
ihould  be  fufFered  to  diflSpate  at  the  end  of  each  operation.  The  cafe  is  very  difi^ercnt  in 
other  manufaflories  where  the  accumulated  heat  may  ferve  for  fucceflive  proceifcs  5  for  the 
whole  of  fuch  fuel  as  is  employed  in  raifing  the  temperature  to  the  neceffary  degree  in  cafes 
of  interruption  would  be  entirely  loft. 

Prudence  demands,  that  he  who  is  defirous  of  improving  or  extending  the  arts  fhould  not 
blindly  be  led  away  by  the  fiedu£tion  of  projects.  It  is  proper  to  begin  the  operations  on  a 
(mall  (cale,  in  order  to  render  the  pra£lice  familiar,  before  furnaces  of  a  certain  magnitude 
are  conftru^d.^. 

(To  he  cofifiludedy  with  Annotations ^  in  otsr  next,) 

^  Reference  is  here  ma4e  in  the  original  to  drawings  of  furnaces  ;  one  contrived  by  Jars  for  cementing 
three  or  four  hundred  weight  of  Aeel ;  another  of  the  furnace  at  Newcaftle  ;  another  heated  by  wood,  toge- 
ther with  fome  defigns  rtUtive  to  the  manipulations  at  Carihthia.  None  of  thcfc>  however,  are  annexed  to 
rhe  mci^oir.    N«  '       • 

§  IV,  Obfervations 


IV.  '        /     • 

* 

Ohfervations  Chemical  and 'Economical  on  varidus  SubJeSt^m 

l.IVI.  TROMSDORFF»  ProfeObir  at  Erfuft^ |»i$  obfetvcd  thai  fulphttiia^d  bydrc^eiKHiG 
gas  takes  fire  ^nd  burns  with  a  ftrong  flame  bf  means  of  the  nitrp^i:acid. 

2.  M.  Linck,  ProfefTor  at  Rodoc,  finds  that  three  parts  of  nitrous,  gs^  i^nd  two  of  Jiydr^^ 
gene  gaS|  obtained  by  fulphuric  acid  and  iroUj  artf  fcdrisely  or  not  ^%  aU  dimini(hed  when 
expofed  to  day-light  over  water.  Conunon  air  is  not  more  diminifhed  by  this  aj^mixture 
kept  a  long  time  :  but  the  mixture  itfelf  of  thefe  two  gafes  is  diminfihed  by  the  additioii 
of  new  portions  of  nitrous  gas.  M*  Linck  concludes  froea  this  obftinratioiit  that  part  df 
the  oxygene  of  the  nitrous  gas  combined  jAx\\  the  hydf Ogcrtid  and  formed  wafeer»  and  that 
the  remaining  oxygene  and  agote  formed  a; mixture  Gmiltr  to  the  air  of  the  atmofpbdite* 

Citizen  Vauquelin  made  a  Gmilar  remark  ten  yf^ard  agp  on  nitrons  gas  placed  over  a  folil- 
tion  of  the  hydro-fulphuret  of  lime.    The  dimiaution  of  the  gas  was  confiderable. 

3.  The  urine  of  animals  which  feed  on  vegetables  does  not  contain  phofphoric  acid,  but 
an  acid  of  a  vegetable  nature.  On  this  paSage  C  Vauquelin  remarks,  that  Rouelie  an- 
nounced this  fa£t  twenty  years  ago,  and  that  C  Fottroroy  and  himfdf  have  lately  proved  it 
by  a  great  number  of  experiments^  which  have  mdteover  ihewn  that  the  add  which  fup- 
plies  the  place  of  the  phofphoric  in  theie  animals  it  the  benzoic. 

On*  this  occafion  it  may  be  remarked,  that  the  vegetable  kin^dt^nH  affords  phofphoru^ ; 
that  the  bones  which  are  produced  and  grow  in  animals  feeding  ^Aly  on  vegetable  food 
contain  this  fubftance ;  whence  it  appears  probable  that  their  urine  is  not  at  all  times  di- 
vefted  of  phoffdioric  acid.  M.  Giobett  in  his  menroir  on  phofphorus  ( Annales  de  Chimtk, 
xii.  23.)  afl5rms  that  the  urine  of  horfes  is  neatly  as-^proper  for  his  procefs  Is  that' of  men ; 
that  is  to  fay,  that  it  affords  nearly  as  much  phofphorus.  But  he  does  not  poGtlvely  relate 
any  experiment  to  this  cffeft. 

4*  A  German  correfpondent  of  the  work  before  us  affirms^  that  the  blowing  machines  or 
bellows  for  the  iron  works  in  the  Hartz,  are  cubical  boxes  of  wood,  which  are  more  eafily 
made  than  the  iron  cylinders  made  ufe  of  in  England)  and  that  they  are  very  advantageous 
in  the  ufe.  From  various  accounts  there  isrearon'to  think,  that  the  denlity  atid  velocity 
of  the  ftream  of  air  from  our  iron  cylinder  worked  by  a  fteam  engine  are  jgreater  than  has 
ever  been  afforded  by  the  wooden  bellows  or  other  bfowing  engines  formerly  in  ufe.  The 
height  to  which  this  air  will  fupport  a  column  of  water  is  between  fix  an*  feven  feci,  or  at 
a  medium  near  fix  inches  of  mercury. 

5.  Attempts  have  been  made  in  Saxony,  and  particularly  at  Freyberg,  to  increafe  the 
quantity  of  watef  made  ufe  of  to  move  the  machines  in  that  country.  It  has  been  found 
convenient  to  e(labli(h  pun)p3^  worked  .by  the  wind,  to  raife  a  portion  of  the  water  which 
paffes  through  the  galleries,  or  is  coIle£led  in  the  works.  It  is  not  intended  to  make  ufe  of 
this  incondant  firft  mover  to  clear  the  miAes  of  water,  but  fiftiply  tO'SlI'the  reiervotrs 
which  work  the  hydraulic  machines,  at  the  fame  time  that  the  iGeicondary  advantage  of  afhft- 
ing  to  keep  the  mines  clear  is  obtained.  By  this  means  the  power  of  the  wind,  changeable 
as  it  is,  may  be  rendered  (leadily  ufeful.    The  celebrated  Leibnitz  firft  thought  of  this  con- 

^  JvjurMil  dM  lif  ifies,  K<>«  •^.  '   '  ■\ 

trivance> 


^a  Sak-Jfirk/  viiihut  thaU^Titn^  AijftraHs, 

triTance>  and  endeavoured^  though  at  that  time  without  fuccefs,  to  carry  it  into  eflfeft.  I 
apprehend  that  his  refervoir  may  not  have  been  fuflBciently  capacious.  Attempts  have 
been  made  in  England,  to  render  the  a^ion  of  fmall  ftreams  more  (teady  and  conltaht  by 
the  interrention  of  a  refervoir^  which  (hould  retain  a  large  portion  of  the  water  when  wet 
weather  rendered  it  plentiful^  and  fupply  the  defe£l  at  fuch  times  as  the  water  failed  for 
want  of  fuflkient  rain. 

6.  An  experimeAt  has  been  made  in  the  hrge  way  at  the  fall-work  of  Artem,  fituated  in 
the  circle  of  Thuringiay  dependent  on  the  ele£iorate  of  Saxony,  on  the  poiTibility  of  obtain- 
ing fea  fait  merely  by  the  heat  of  the  fun,  after  having  brought  the  fait  water  to  as  high  a 
degree  of  concentration  as  the  procefs  of  graduation  is  capable  of  affording.  This  fait  work 
was  the  firft  cftabliflimentof  the  kind  in  Saxony,  by  Mr.  Borlach,  to  whom  the  undertakings 
of  this  nature  are  fo  much  indebted  \  and  it  will  probably  have  the  honour  of  being  the  firft 
in  which  this  new  procefs  (hall  fucceed.  Experiments  on  a  fmaller  fcale  have  already  af- 
forded the  higheft  hopes  of  fuccefs.  Thofe  which  have  been  attempted  in  the  large  way, 
though  at  the  end  of  the  warm  weather,  have  afforded  encouraging  refults. 

For  this  purpofe  a  number  of  veffels  of  wood  have  been  placed  in  a  field  upon  pofts,  at 
the  height  of  five  or  (ix  feet  from  the  ground.  They  can  be  covered  or  uncovered  in  an 
inflant  by  a  moveable  roof  made  of  thin  boards,  accordingly  as  the  weather  is  clear  or 
rainy.  Though  the  fununer  was  nearly  over  when  the  experiments  began,  fait  was  obtained 
in  this  manner  by  the  mere  heat  of  the  fun  ;  and  this  fait  was  much  purer,  and  of  a  more 
lively  and  agreeable  tafte,  than  that  which  is  obtained  by  evaporation  in  boilers.  There  is 
every  reafon  to  expeA  that  the  whole  of  the  (alt  which  can  be  obtained  at  thefe  works,  will 
.  be  feparated  in  this  manner  without  the  ufe  of  any  combuflible.  A  great  number  of  thefe 
cafes  are  accordingly  prepared,  to  give  all  the  neceffary  a£Hvity  to  this  method  of  operating 
next  year. 

Citizen  Charles  Coquebert,  in  a  note  on  this  fubje£^,  remarks  that  the  celebrated 
Haller  publifhed,  in  the  Memoirs  of  the  French  Academy  for  the  year  1764,  a  fet  of  expe- 
riments  on  the  evaporation  of  falt-waters  made  at  the  works  in  the  canton  of  Berne,  of 
which  he  was  the  dire£ior;  and  adds,  that  the  experiments  are  interefting,  but  that  the  eco- 
nomical calculations  are  grounded  on  fuch  erroneous  foundations,  that  they  would  ferve  onlv 
to  miilead  thofe  who  from  the  reputation  of  the  author  might  ufe  his  calculations  relative 
to  any  undertaking  in  the  large  way. 


V. 


An  Aruiljfis  of  the  Earthy  Subftance  from  New  South  JVaks^  called  Sydheia^  or  Term  Anjiralu. 

By  Charles  HATCH£Tr,  Efj.  F,R.S.'* 


I 


N  1796,  the  Right  Hon.  Sir  Jofeph  Banks,  P.R.S.  favoured  me  with  a  f^ecimen  of  the 
Sydneia,  which  had  been  lately  brought  to  England.  A  portion  of  this  I  foon  after  examin- 
ed^ 

•  From  the  PhiM  Tranf.  1798.  The  introdu^ery  part  of  Mr.  Hatchen't  paper  concifely  (btet  the  refulu 
d  Wtdgwood'i  paper  (from  which  an  cznad  it  copied  in  rhiiofjotini.  1. 403  )i— that  Proi^or  Bluxoeabachi. 
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ed,  in  a  curfory  manoerj  by  muriatic  ^id,  but  did  not  obtain  sny  precipitate  when  ^ater 
was  added  to  the  filtrated  folution.  ^ 

Upon  mentioning  this  circumfliance)  and  expreffing  a  defire  to  examine  this  fnbftance 
with  more  accuracyi  Sir  Jofeph  Banksi  with  his  ufual  readinefs  to  promote  every  fcientiiic 
enquiry,  not  only  permitted  me  to  take  fpecimens  from  different  plirts  of  the  box  which 
contained  the  earth  already  mentioned,  biu  (that  every  doubt  might  be  obviated)  gave  mc 
about  300  grains  which  remained  of  the  identical  fubftance  examined  by  Mr.  Wedgwood. 

Upon  thefe  the  following  experiments  were  made)  and^  to  didinguifli  them,  I  fl^i^t  call 
the  firft,  No.  i^and  chat  examined  by  Mr.  Wedgwood,  No.  2* 

SECT.    II. 

^  jlna/ji/ts  of  the  SydnciZf  No,  1. 

THE  Sydneia,  No.  i,  is  in  mafTes  and  lumps,  of  a  pale  greyi(h  white,  intermixed  with  a 
few  particles  of  white  mica,  and  alfo  occaGonally  with  fome  which  are  of  a  dark  grey,  re- 
fembling  graphite  or  plumbago. 

It  eafily  crumbles  between  the  fingers,  to  a  powder  nearly  impalpable,  which  has  rather 
an  undiuous  feel. 

Small  fragments  of  vegetable  matter  are  alfo  commonly  found  intermixed  with  it ;  and 
the  general  afpe£t  is  that  of  an  earthy  fubftance  which  has  been  depoCted  by  water. 

Experiment  i. — 4C0  grains  were  put  into  a  glafs  matrafs,and  one  quart  of  diftilled  water 
being  added,  the  whole  was  boiled  to  one-fourth. 

The  liquor  was  then  filtrated,  and  a  portion  being  examined  by  the  re-agents  commonly 
ufed,  afforded  no  trace  of  matter  in  folution.  The  remainder  was  then  evaporated,  with- 
out leaving  any  reCduu^n. 

Experiment  2.  About  2Co  grains  of  the  earth,  rubbed  to  a  fine  powder,  were  put  into  a 
glafs  retort,  into  which  I  poured  three  ounces  of  conceiurated  pure  muriatic  acid.  The 
retort  was  placed  in  fand,  and  the  acid  was  diftilled,  till  the  matter  in  the  retort  remained 
dry.  Two  ounces  of  muriatic  acid  were  again  poured  on  it,  and  diftilled  as  before,  till 
only  one  fourth  remained.  The  whole  was  then  put  into  a  matrafs,  which  was  placed  in 
an  inclined  pofition,  fo  that,  when  the  earth  had  fubfided,  the  liquor  might  be  decanted 
without  difturbing  the  fediment. 

When  it  had  remained  thus  for  la  hours,  the  acid  was  carefully  poured  into  a  glafs 
veflcl  :  but,  as  I  obferved  that  it  was  not  fo  perfeflly  tranfparent  as  before  it  had  been  thus 
employed,  I  fuffered  it  to  remain  24  hours,  but  did  not  perceive  any  fediment.  Half  of 
this  liquor  was  diluted  with  about  twelve  parts  of  diftilled  water,  and,  after  a  few  hours^ 
a  very  fmall  quantity  of  a  white  earth  fubfided. 

\r\  his  Handbuch  dcr  Naturgcfchichtc,  p.  567,  568,  mention*  that  he  had  examined  a  portion  of  this  earthy 
fubftance,  by  means  of  muriatic  acid  after  the  manner  of  Wedgwood,  and  obtained  a  flight  precipitate ;«— that 
M.  Klaproth  had  alfo  examined  it,  whofc  refults  he  likewife  gives  (for  which  fee  the  page  of  our  Journal  laft 
mcntiontd)  ;— and  that  the  identity  of  the  fubjc£ls  examined  by  Wedgwood  and  Klaproth  had  been  much 
quedioned  by  me*  The  author  then  proceeds  to  relate  the  hillory  and  )>articulats  of  his  own  linalyiis,  of 
which  the  words  of  the  text  are  an  cxa6l  copy.     N. 
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This  however  did  not  appear /o  me  to  be  a  precipitate  caufed  by  a  change  in  the  chemical 
affinities,  but  rather  an  earthy  matter  which  had  been  fufpended  in  the  concentrated  acid, 
and  afterwards  depofited,  when  the  liquor  was  rendered  lefs  denfe  by  the  addition  of  wa« 
ter.  To  afcertain  this,  I  poured  the  remaining  portion  of  the  concentrated  liquor  on  a 
filter  of  four  folds  :  it  pafled  perfeftly  tranfparent,  and,  although  diluted  with  twenty-four 
parts  of  water,  it  remained  unchanged,  and  as  pellucid  as  before.  I  now  filtrated  the  for- 
mer portion,  and  added  it  to  that  already  mentioned. 

•     It  was  then  evaporated  to  drynefs,  and  left  a  pale  brownifti  mafs,  which  was  diflbived 
again,  by  digedion,  in  the  fmalleft  pofljble  quantity  of  muriatic  acid. 

Water  was  added,  in  a  very  large  proportion,  to  this  folution,  without  producing  any 
c{Fe£l ;  I  then,  by  pruffiate  of  potafb,  precipitated  a  quantity  of  iron,  which  was  feparated 
by  a  filter. 

The  clear  folution  was  then  faturated  with  lixivium  of  carbonate  of  potafli,  and  a  white 
precipitate  was  produced,  which  was  collefted  and  edulcorated.  This,  when  digefted 
with  diluted  fulphuric  acid,  was  diflblved ;  and  the  fuperfluous  acid  being  driven  off  by 
heat,  boiling  water  was  poured  on  the  refiduum,  and  completely  diifolved  it. 

To  this  folution  fome  drops  of  lixivium  of  potafh  were  added,  and,  by  repeated  evapora* 
tions,  the  whole  formed  cryftals  of  alum. 

From  the  above  experiment  it  appeared,  that  the  muriatic  acid  had  only  difiblved  fonic 
alumine.and  iron;  but,  in  order  to  fatisfy  myfelf  more  completely  in  refpe£l  to  the  com-'' 
ponent  parts  of  this  fubftance,  I  made  the  following  analyfis. 

Jnalyjis.  A.  400  grains  were  put  into  a  glafs  retort,  which  was  then  made  red-hot 
during  half  an  hour.  Some  water  came  over,  and  the  earth  afterwards  weighed  380.80 
grains,  fo  that  the  lofs  amounted  to  19.20  grains.  The  greater  part  of  this  lofs  was  occa- 
fioned  by  the  diflipation  of  the  water  imbibed  by  the  earth  \  to  which  mud  be  added,  the 
lofs  of  weight  caufed  by  the  combuftion  of  a  fmall  portion  of  vegetable  matter. 

B.  The  380.80  grains  were  rubbed  to  a  fine  powder,  and  being  put  into  a  glafs  retort, 
1470  grains  of  pure  concentrated  fulphuric  acid  were  added.  The  retort  was  then  placed 
in  a  fmall  reverberatory,  and  the  fire  was  gradually  increafed,  till  the  acid  was  didilled 
over :  it  was  then  poured  back  on  the  matter  in  the  retort,  and  didilled  as  before,  till  a 
mafs  nearly  dry  remained. 

On  this,  boiling  didilled  water  was  repeatedly  poured,  until  it  no  longer  changed  the  colour 
of  litmus  paper,  and  was  devoid  of  tade.  The  undiflblved  portion  was  then  dried,  and  made 
red-hot;  after  which  it  weighed  281  grains. 

C.  I  now  mixed  the  281  grains  with  300  grains  of  dry  carbonate  of  potafli,  and  expofed 
the  mixture  to  a  drong  red  heat,  in  a  filver  crucible,  during  four  hours.  The  mafs  was 
loofe,  and  of  a  greyifli  white :  it  was  foftened  with  water,  and,  being  put  into  a  re* 
tort,  fulphuric  acid  was  added  to  a  confiderable  excefs.  The  whole  was  then  didilled 
to  dryncfs;  and  when  a  fufficient  quantity  of  boiling  water  had  been  added,  it  was 
poured  on  a  filter,  and  the  refiduum  was  well  wadied :  it  was  then  made  red-hot,  and 
afterwards  weighed  274.75  grains. 

D.  The  folutions  of  B  and  C  were  added  together,  and  were  much  reduced  by  evapora- 
tion.   Pure  ammoniac  was  then  employed  to  faturate  the  acid,  and  a  copious  loofe  preci- 

pitatr 
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pitate  of  a  pale  ycllowifh  colour  was  produced  $  whichi  coUeAedj  edulcorated^  and  made 
red-hot,  weighed  103.70  grains. 

£.  The  filtrated  liquor  of  D  was  again  evaporated ;  and  carbonate  of  potafh  being 
added,  a  flight  precipitation  of  earthy  matter  took  place ;  which,  by  the  tcft  of  fulphuric 
acid,  proved  to  be  fome  alumijie  which  had  not  been  precipitated  in  the  former  experi- 
ment: this  weighed  1.20  grain. 

F.  The  103.70  grains  of  D  were  completely  diflblved  when  digefted  with  nitric  acid, 
excepting  a  fmall  refiduum  of  filiceous  earth,  which  weighed  0.90  grain. 

G.  The  nitric  folution  was  evaporated  to  drynefs,  and  a  fecond  portion  of  the  fame  acid 
was  added,  and  in  like  manner  evaporated.  7'he  refiduum  was  then  made  red-hot,  and 
digefted  with  diluted  nitric  acid,  which  left  a  confiderable  portion  of  red  oxyde  of  iron. 
The  folution  was  again  evaporated,  and  the  refiduum,  being  treated  as  before,  again  de- 
pofited  fome  oxyde  of  iron,  much  lefs  in  quantity  than  the  former. 

The  whole  of  the  oxyde  was  tHcn  heated  with  wax  in  a  porcelain  crucible,  was  taken  up 
by  a  magnet,  and  weighed  26.50  grains. 

H.  The  nitric  folution  of  G  was  faturated  with  ammoniac,  and  a  loofe  white  preci- 
pitate was  formed ;  which,  edulcorated  and  made  red-hoc,  weighed  76  grains. 

I.  Thefe  76  grains  were  diflblved  when  digefted  with  diluted  fulphuric  aid ;  and,  when 
the  excefs  of  acid  had  been  expelled  by  heat,  the  faline  mafs  was  diflTolved  in  boiling  water* 
To  this  folution  I  added  fome  lixivium  of  potafli,  and,  by  gradual  and  repeated  evapora- 
tions, obtained  the  whole  in  regular  o£toedral  cryftals  of  alum. 

K.  The  274.75  grains  of  C  now  alone  remained  to  be  examined.  They  appeared  to 
confift  of  filiceous  earth,  mixed  with  the  dark  grey  (hining  particles  already  mentioned ; 
but,  as  I  fliall  defcribe,  in  the  following  experiments,  the  procefs  by  which  thefe  were  fe- 
parated,  I  fliall  now  only  fay  that  they  amounted  to  7.50  grains. 

L.  The  earth  with  which  the  abovementioncd  particles  were  mixed  weighed  267.25 
grains.  This  earth  was  white,  and  arid  to  the  touch  :  when  melted  with  two  parts  of  foda, 
it  formed  a  colourlefs  glafs  ;  and  with  four  parts  of  the  fame  it  diflblved  in  water,  and 
formed  a  liquor  filicum :  it  was  therefore  pure  filiceous  earth  or  filica. 

The  fubftance  here  examined  was  compofed  therefore  of  the  following  ingredients : 

Grains. 


Pure  filiceous  earth  or  filica 

0.93 
267.25 

Alumine        -         -         .         - 

{h: 

1.20 
76 

Oxide  of  iron         .         -        - 

G. 

26.50 

Dark  grey  particles 

K. 

7.50 

Water  and  vegetable  matter 

A. 

19.20 

398-55 

The  foregoing  analyfis  was  repeated  feveral  times,  and  always  with  fimilar  refults ;  ex-» 
cepting  that,  as  I  had  taken  the  fpecimens  from  diflerent  parts  of  a  large  quantity,  I  found 
that  the  proportions  of  the  ingredients  were  not  conftantly  the  fame ;  that  of  the  filiceous 
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tarthy  for  example^  was  fenBetirnes  greater^  and  the  alumine  atid  iron  propertlonably  Icfi. 
Some  fpccimens  were  alfo  nearly  or  totally  deftitute  of  the  dark  grey  (hining  particle*  :  in 
ihorty  every  clrcumftance  was  fuch  as  might  be  expected  from  a  mixed  fubftance,  wliich^ 
from  the  nature  of  its  formation,  cannot  have  the  ingredients  in  any  fixed  proportion  ♦• 

As  this  (ubftance  agreed  in  its  general  chara£lers>  for  the  greater  parr,  with  that  de« 
fcribed  by  Mr.  Wedgwood,  and  as  it  was  indifputably  brought  from  the  fame  place,  there 
appeared  every  reafon  to  believe  that  the  nature  of  both  was  the  fame  \  but,  to  obviate  as 
much  as  pofTible  any  doubt  or  obje£tion,  I  determined  to  repent  the  experiments,  and  the 
;|nalyfis,  on  that  portion  which  remained  of  the  identical  fubftance  examined  by  Mr. 
Wedgwood,  and  which  from  that  period  had  been  refer\'ed  by  Sir  Joftrph  Banks,  who 
kindly  favoured  me  with  it  for  this  purpofe. 

SECT.    III. 

Anal^s  of  the  Sydiieia,  Uo.  2. 

THIS  fubftance,  as  has  already  been  mentioned,  confifts  of  a  white  tranfparent  quartzofc 
(and,  a  foft  opaque  white  earth,  fome  particles  of  white  micaj  and  a  quantity  of  dark  lead- 
grey  particles,  which  have  a  metallic  luftre. 

The  Sydneia,  No*  Q(,  appears  chiefly  to  differ  from  No.  i,  by  being  more  arenaceous, 
and  by  a  larger  proportion  of  the  dark  grey  particles.  Many  experiments,  fimilar  to  thofe 
made  oa  No.  I,  already  defcribed,  were  made  on  this  fubftance,  withpure  concentrated 
muriatic  acid ;  but,  as  none  of  thefe  afforded  any  appearance  of  a  precipitate  by  the  means 
#f  water,  I  do  not  think  it  neceflary  to  enter  into  a  circumftantial  accouiit  of  them,  and 
ihaU  proceed  therefore  to  the  analyfis* 

A.  ICO  grains  were  expofed  to  a  red  heat,  in  a  glafs  retort,  and,  after  half  an  hour,  were 
found  to  have  loft  in  weight  2.20  grains. 

B.  The  97.80  grains  which  remained  were  miied  with  300  grains  of  dry  carbonate  of 
potafli,  and  the  mixture  was  expofed  to  a  ftrong  red  heat,  in  a  crucible  of  filver,  during 
tluree  hours. 

When  cold,  the  mafs  was  foftened  with  water,  and  was  put  into  a  glafs  matrafs.  I 
then  added  three  ounces  of  pure  concentrated  muriatic  acid,  and  digefted  it  for  two 
hours  in  a  ftrong  fand  heat.  Boiling  water  was  then  added  ;  and  the  whole  being  poured 
on  a  filter,  the  refiduum  was  edulcorated,  dried,  and  made  red-hot :  it  then  weighed  85.50 
grains. 

C.  The  filtrated  folution  was  evaporated  to  one  fourth;  and  pure  ammoniac  being  added, 
a  precipitate  was  formed,  which,  after  a  red  heat,  weighed  10.70  grains* 

D.  One  ounce  of  muriatic  acid  was  poured  tm  the  f  0.70  grains,  in  a  matrafs,  which  was 
then  heated.  The  whole  of  the  10.70  grains  was  diHblved,  excepting  a  fmall  portion  of 
filiceous  earth,  which  weighed  Q.30  grain. 

•  The  defcri(>tion  given  by  Mr.  Klaproth  convinces  me  that  his  experiments  were  made  on  a  portion  of  this 
liibllance.  Moreover,  when  my  late  friend  Mr.  Haidinger  was  in  London,  I  gave  him  fome  of  this  earth  for 
Iks  colJe^lton ;  fo  that,  whether  Mr.  Xlaproth  mido  his  experimentft  on  that  which  had  been  received  by 
Mr.  Haidiagcr  (torn  Sir  Jofeph  Banks,  or  from  myfclf,  it  ii  not  Ufs  cenais  that  he  operated  on  that  whick 
INilH  Iw  fcgaided  at  the  (couinc  SydriMn 

E.  The 
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E.  The  muriatic  folution  was  then  rcduccdj  by  evaporation^  to  abooe  ont  fourth)  to 
which  I  added  a  large  quantity  of  diftilled  water^  which  did  not  however  produce  any 
dnnge.  I  tlien  gradually  added  a  folution  of  pure  cryftallized  pruffiate  of  pota(h,  and 
heated  the  liquor  till  the  whole  of  the  iroa  was  precipitated ;  after  wbichi  ammoniac  pre- 
cipitated  a  loofe  white  earth,  which,  edulcorated  and  made  red-hot,  weighed  7.20  grains. 
The  iron  precipitated  by  the  prufliate  may  therefore  be  eftimated  at 3*20  grains. 

F.  The  7.20  grains  of  the  white  earth  were  digefted  with  fulphuric  acid,  and,  after 
the  exccfs  of  acid  had  been  expelled  by  heat,  boiling  water  was  poured  on  the  (aline 
Tcnduum.  1  he  folution  was  then  gradually  evaporated,  with  the  addition  of  a  fmall 
portion  of  lixivium  of  potafh,  and  afforded  crydals  of  ahim,  without  a  trace  of  any  other 

fubftance. 

G.  I  now  proc'eeded  to  examine  the  85.50  grains  of  B.  Thefe  appctired  to  eonffft  of 
fiiiceous  earth,  or  fine  particles  of  quartz,  mingled  with  a  confKlerafUe  quantity  of  the  dark 
grey  fhining  particles.  ^  ^ 

Mr.  Wedgwood  was  of  opinion  that  thcfe  were  a  peculiar  fpecics  of  plumbago  or 
graphite.  Trofeffor  Blumenbach,  on  the  contrary,  regards  them  as  molybdaena  :  and  Mr. 
Klaproth  believes  them  to  be  iifenglimmer  or  micaceous  iron  ore. 

When  rubbed  between  the  fingers,  they  leave  a  dark  grey  ftain,  and  the  feel  is  unfluous, 
like  that  of  plunibago,  or  molybdaena  :  the  traces  which  they  make  on  paper  alfo  rcfcmMc 
thofe  of  the  abovementioncd  fubftances,  but  the  luftre  of  the  particles  approaches  nearer  to 
that  of  molybdxna. 

In  order  therefore  to  determine  whether  or  not  they  confifted  totally  or  partially  of  mo^ 
lybdscna,  I  put  the  85.50  grains  into  a  fmall  glafs  retort,  and  added  two  ounces  of  con« 
centratcd  nitric  acid.  The  retort  was  then  placed  in  a  fand  heat,  and  the  diftiflation  was 
continued  till  tlie  matter  remained  dry.  The  acid  was  then  poured  back  into  the  retort, 
and  diftilled  as  before ;  but  I  did  not  obferve  that  the  grey  particles  hadfuflfered  any  change, 
nor  were  nitrous  fumes  produced,  as  when  molybdxna  is  thus  treated. 

To  be  more  certain,  however,  I  digefted  pure  ammoniac  on  the  refiduum  j  and,  having 
decanted  it  into  a  matrafs,  I  evaporated  it  to  drynefs,  without  perceiving  any  veftige  of 
oxyde  of  molybdsena,  or  indeed  of  any  other  fubftance. 

It  was  evident,  therefore,  that  molybdxna  was  not  prefent ;  and,  as  the  general  external 
characters  and  properties  correfponded  with  thofe  of  plumbago,  I  was  inclined  to  believe 
that  thefe  were  particles  of  that  fubftance,  and  not  micaceous  iron,  a&  Mr.  Klaproth  ima- 
gined.   To  determine  this,  tlie  following  experiment  was  made  : 

H.  200  grains  of  pure  nitre  in  powder  were  mixed  with  the  85.50  grains,  and  the  mix-' 
ture  was  gradually  proje£led  into  a  crucible,  made  flrongly  red4iot.    A  feeble  detonation 
took  place  at  each  projediion  *,  and,  after  a  quarter  of  an  hour  had  ebpfed,  tlie  crucible 
was  removed,  » 

When  cold,  the  mafs  was  porous  and  white,  without  any  appearance  of  the  dark  grey 
particles.  Boiling  water  was  poured  on  it  \  and  the  whole  being  put  into  a  matrafs,  one 
ounce  of  muriatic  acid  was  added,  and  digefted  with  it  in  a  fand  heat.  By  evaporation  it 
became  gelatinous :  it  was  then  emptied  on  a  filter,  and,  being  well  waihed,  dried,  and  made 
xed-hot,  weighed  75.a5.>grains. 

The  appearaftce  of  this  yva»  t]»i  of  a  white  eaith>  w^d  to  tfir  tDioh.    Wkm  meked 
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with  twopKrt$  of  fodft}  t  eolourlefs  glafs  was  formed ;  and,  with  four  parts  of  the  fame,  it 
was  foluble  in  water,  and  produced  liquor  JUlcum :  it  was  therefore  pure  filiceous  earth. 

I.  The  filtrated  liquor  was  faturated  with  ammoniac ;  and,  upon  being  heated,  a  few 
Ibrownifli  flocculi  were  precipitated,  which,  when  collected  and  dried,  weighed  0.40  grain. 
This  precipitate  was  diiTolved  in  muriatic  acid,  and  was  again  precipitated  by  prufliate  of 
potafli,  in  the  (late  of  Pruffian  blue. 

The  liquor  from  which  the  flocculi  of  iron  had  been  feparated  was  then  examined,  by 
adding  carbonate  of  potafli,  and,  laftly,  by  being  evaporated  to  drynefs ;  but  it  no  longer 
aflbrded  any  earthy  or  metallic  fubllance :  fo  that,  by  the  procefs  of  detonation  with  nitre, 
the  85.50  grains  afTorcied  75*25  grains  of  pure  filiceous  earth,  with  0.40  grain  of  iron ;  and^ 
as  the  dark  grey  fubflance  was  deflroyed,  excepting  the  0.40  grain  of  iron  above  mentioned, 
^nd  as  Q.85  grains  of  the  original  weight  of  B5.50  grains  were  diflipated,  there  can  be  no 
doubt  but  that  this  fubftance,  amounting  to  io«25  grains,  was  carburet  of  iron  or  plumbago  \ 
efpecially  as  fome  experiments  which  I  purpofely  made,  on  that  from  Kefwick  in  Cum- 
berland,  were  attended  with  fimilar  refults. 

It  is  alfo  evident,  that  thcfe  particles  could  not  be  eifenglimmirj  or  micaceous  iron,  at 
nitre  has  little  or  no  efFeft  on  that  fubftance,  when  projected  into  a  heated  crucible. 

In  a  fubfequent  experiment  on  the  fame,  the  crucible  was  removed  immediately  after  the 
laft  projeAion;  and  1  thenobferved  that  an  efiervefcence,  with  a  difengagement  of  carbonic 
acid,  took  place,  upon  the  addition  of  the  muriatic  acid,  as  is  ufual  when  pure  plumbago  is 
decompofed  by  nitre,  and  that  lefs  of  the  gelatinous  matter  was  formed  by  evaporation. 

The  caufe  of  this  difference  was  evidently  the  duration  of  the  red  heat ;  for,  in  the  firft 
inftance,  the  alkali  developed  by  the  decompofition  of  the  nitre  had  time  to  unite  with  the 
filiceous  oarth,  fo  as,  when  diffolved,  to  form  liquor  fdicum  \  but,  in  the  fecond  experiment^ 
a  portion  of  alkali  remained  combined  with  the  carbonic  acid,  produced  by  the  carbon  of 
the  decompofed  plumbago. 

The  produce  of  100  grains  by  this  analyGs  was, 
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Grains. 

D.    0.30 

75-^5 
Alumine  -  -  -        F.    7.20 

Oxide  of  iron  -  -  £•    3.20 

Graphite  or  plumbago  -  L  10*25 

Water  -  -  A.    2.20 


98.40 

Mr.  Wedgwood  fays,  that  fulphuric  acid  cannot  diffolve  the  precipitated  earth,  and  has 
but  Uttle  effeft  on  the  mixed  fubftance,  even  when  diftilled  to  drynefs  j  but,  from  the  pre- 
ceding experiments,  I  had  reafon  to  believe  that  the  aluminous  earth  and  iron  would  be 
feparated  by  reiterated  diftillation  j  I  therefore  repeated  the  analyfis  in  the  following  man- 


ner. 


Second  Analyfis  of  the  Sydneia,  No,  2. 
A.   100  grains  of  the  earth  were  put  into  a  glafs  retort,  upon  which  400  grains  of  pure 
concentrated  fulphuric  acid  were  poured.    The  retort  was  placed  in  a  fmall  reverberatory. 
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%nA  the  fire  vru  toatinued  till  a  dry  znafs  remained.  400  grains  of  the  acid  were  again 
poured  in,  and  diftilled  as  before.  Upon  the  dry  mafs  boiling  water  was  poured,  and  the 
whole  was  then  emptied  on  a  filter,  and  edulcorated.  The  refiduum,  after  a  red  heat, 
weighed  87.75  grains,  and  confided  of  filiceous  earth,  mixed  with  fome  mica,  and  with 
particles  of  plumbago. 

B*  The  filtrated  folution,  by  ammoniac,  afibrded  a  precipitate,  which  weighed  9.50 
grains  \  and,  being  examined,  as  in  the  former  experiment,  yielded  6.50  grains  of  alumine^ 
and  3. grains  of  oxide  of  iron. 

The  plumbago  was  feparated  from  the  filiceous  matter,  in  the  manner  already  defcribed, 
and  amounted  to  about  10  grains. 

By  this  analyfis  I  obtained. 

Grains. 
Silica  and  mica  -  -  77*75 

Alumine  -  -  -  6.50 

Oxide  of  iron  -  -  •  3 

Plumbago  -  -  -  10 


97.25 

It  appears  therefore  that  the  Sydneian  earth,  when  treated  with  fulphuric  acid,  is  capa« 
ble  of  being  for  the  greater  part  decompofed  ;  and  Mr.  Wedgwood  probably  did  not  fuc- 
ceed,  becflufe  his  procefs  was  in  fome  refpe£b  different^  or  that  the  didillation  was  not 
fufiiciently  repeated. 

I  have  not  thought  it  necefiary  to  be  more  circumftantial  in  the  account  of  this  fecond 
analyfiS)  as  the  operations  were  fimilar  to  thofe  of  the  former. 

SECT.    IV. 

THESE  experiments  prove,  that  the  earthy  fubftance  called  Sydneia,  or  terra  auftraUs^ 
confids  of  filiceous  earth,  alumine,  oxide  of  iron,  and  black  lead  or  graphite. 

The  prcfence  of  the  latter  appears  to  be  accidental,  and  it  probably  was  mixed  with  the- 
other  fubdances  at  the  time  when  they  were  tranfported,  and  depofited,  by  means  of  wa- 
ter \  for  this  appears  evidently  to  have  been  the  cafe,  from  the  general  charaA-ers  of  this 
mixed  earthy  fub dance. 

The  quartz  and  mica,  which  are  fo  vifible,  indicate  a  granitic  origin  ;  and  the  foft  white 
earth  has  probably  been  formed  by  a  decompofition  of  feldt  fpar,  fuch  as  is  to  be  feen  in 
many  places,  and  particularly  at  St.  Stephen's  in  Cornwall.  The  gjranitic  fand  which  co- 
vers the  borders  of  the  Mer  de  Glacey  at  Chamouni,  in  Savoy,  alfo  much  refembles  the 
ttrra  aujiralis^  excepting  that  the  feldt  fpar  is  not  in  a  date  of  decompofition  :  in  fliort, 
the  general  afpe£^,  and  the  analyfis,  concur  to  prove,  that  the  Sydfula  has  been  formed  by 
the  difintegration  and  decompofition  of  granite,  or  gneifs* 

Mr*  Wedgwood's  experiments  arc  fo  circumdantial,  that  had  I  only  examined  the  earth 
lad  brought  to  England,!  diould  have  fuppofed,  with  Mr.  Nicholfon,  that  1  had  operated 
on  a  different  fubdance  *,  but,  as  I  had  an  opportunity  to  examine,  by  analyfis,  a  portion  of 
Hbt  fame  earth  on  which  Mr.  Wedgwood  made  bis  experime^its,  and  as  I  received  it  from 

Sir 
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Sir  Jofepli  Bankf,  tfie  fime  gentleman  wlto  had  fumiihed  Mr.  Wedgwood  with  it,  no* 
fufpicton  can  be  entertained  about  its  identity. 

Some  of  the  experiments  which  I  have  rdated,  and  which  prove  that  fome  of  the  finer 
eartbjr  pilrtictes  remained  fufpended  in  the  concentrated  mariatic  acidi  and  were  precipi- 
tated when  the  acid  was  diluted  with  water,  appear  in  fome  meafure  to  account  for  the 
midake  which  has  been  madei  in  fuppofing  that  a  primitive  earth,  before  unknown,  was 
prefent  \  but  this  alone  will  not  account  for  manj  of  the  other  properties  mentioned  bj  Mr.  ' 
Wedgwood  :  fuch  as, 

ift.  The  repeated  and  exdufive  folability  in  the  muriatic  acid,  and  fubfeqoent  precipi- 
tation  by  water. 

2dly.  The  butyraccous  mafs  which  was  formed  by  evaporation.    And 

3dly.  The  degree  of  fufibility  of  the  precipitated  earth. 

Thefe,  indeed,  I  can  by  no  means  explain,  but  by  fuppodng  tlut  the  acids  ufed  by  Mr. 
Wedgwood  were  impure.  This  fuppofition  appears  to  be  corroborated  by  a  paflage  in  Mr. 
Wedgwood's  paper,  where  he  fays,  "  Here  the  Pruffian  lixivium,  in  whatever  quantity  it- 
was  added,  occafioned  no  precipitation  at  all,  (only  the  ufual  bluelfhnefs  arifing  from  the 
iron  always  found  in  the  common  adds  J*)*  Now  if  (as  it  feems  from  this  expreflion)  Mr. 
Wedgwood  employed  the  common  acids  of  the  (hops,  without  having  previoufly  examined 
and  purified  them,  all  certainty  of  analyfis  mud  fall,  as  the  impurity  of  fuch  acids  is  well 
known  to  every  praftical  chemift  f  :  but  whether  this  was  the  caufe,  or  not,  of  the  efiefts 
dcfcribcd  by  Mr.  Wedgwood,  I  do  not  hefitate  to  affert,  that  the  mineral  which  has  been 
examined  docs  not  contain  any  primitive  earth,  or  fubdance  pofTefTrng  the  properties  afcri- 
bed  to  it,  and  confequently,  that  the  Sydneian  genus,  in  future,  mud  be  omitted  in  the 
mineral  fyftem. 


VI. 

Tie  Method  of  making  Jirong  Jt-iificial  Magmts.     By  M,  CoulOMBX* 

1  SHALL  here  prefent  the  methods  which  I  have  found  fucccfsful  in  conftrudting  artificial 
magnets  of  very  great  force  at  a  moderate  expencc.  *  *  *  ♦  When  a  fteel  rod  or  plate 
is  required  to  be  rendered  magnetic,  and  two  bars  are  ufcd  for  this  purpofe,  it  is  obvious 
that  it  muft  be  of  advantage  to  caufe  the  poles  of  thefe  bars  to  acl  in  conjundlion  with 
each  other.  This  has  given  rife  to  the  method  of  the  double  touch.  Fig-  i,  Plate  IV. 
{hows  the  former  praftice  of  this  method.  If  the  bar  n  s  be  required  to  be  impregnated, 
the  two  bars  SN,  S'N',  were  placed  vertically  at  the  diftance  of  fevcn  or  eight  lines  from 

•  Philofophical  Tranfaftions,  vol.  Ixxx.  partii.  p.  313. 

f  It  api^eam  from  Wcdg\\'ood's  papt;r,  that  nearly  one  fifth  part  of  the  mineral  was  taken  iip  by  muriatic 
stctd,  and  that  his  fulutionwas  reckoneci  to  h.'<Tc  about  fix  grains  of  the  foluble  matter  to  three  ounces  of  the  acid.: 
From  the  experimental  procefs  of  boiling,  it  Icems  probable  that  the  aftual  quantity  of  acid  made  ufe  of,  boFC 
an  higher  propoaion  to  the  matter  taken  up.  If  wc  admit  the  iiippofition  of  impurity  in  Wedgwood's  acid,  the 
quantity  of  matter  prccipitable  by  water  was  probably  lefs  than  two  grains  in  the  ounce :  and  iiftcr  rcje6tingthe  , 
Sydneian  earth,  as  we  undoubtedly  muft,  it  may  perhaps  be  an  objedt  wortliy  of  enquiry  to  determine  what 
that  fubftance  was  in  which  Wedgwood  obfcrvcd  the  peculiar  properties  related  in  his  paper.     N. 
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each  other,  more  orlefs  according  to  their  force;  the  points  S  and S ' reprefen ting  thci 
fouth,  and  the  points  N,  N'  the  north  poles.  In  this  fituation  the  two  bars  were  moved 
from  one  end  to  the  other  of  the  bar  n  s. 

M.  JEpinus  has  remarked,  that  in  this  method  the  centre  of  a£tion  of  the  two  magnetf 
NS,  N'S'  being  neceifarily  placed  at  fomc  diftance  from  their  extremities  at  the  point  11 
for  cxamplci  the  adlion  on  the  points  of  the  bar  u  s  comprehended  between  the  two  barsi 
is  made  very  obliquelyi  and  confeqoently  does  not  communicate  as  much,  magnetifd 
as  the  fubje£t  is  capable  of  receiving.  Whence,  inftead  of  placing  the  two  bars  upright  ia 
this  operation,  M.  ^pinus  advifes  that  they  fhould  be  inclined,  as  in  fig.  2 ;  and  in  this 
pofition  moved  from  one  end  of  the  bar  to  the  other. 

I  have,  in  fa£l,  found  by  the  magnetic  balance  defcribed  at  the  beginning  of  this  me- 
moir*, tliat  the  method  of  M.  ^pinus  is  preferable  to  the  other;  but  I  have  alfo  obferved^ 
that  it  does  not  give  the  needles  the  perfe£l  faturation  of  magnetifm,  and  that  frequently 
x^Iien  the  needle  is  of  confiderable  length,  feveral  poles  are  formed  on  the  intermediate  partSy 
*  the  aQion  of  which  is  indeed  fmall,  but  neverthelefs  perceptible.  I  attribute  thefe  to 
tlie  particular  action  of  each  magnet,  which  tends  to  produce  on  the  points  pafled  over  by 
'  •  the  magnets  an  effe£l  contrary  to  that  which  is  defired.  In  our  figure  2,  the  pole  S  for 
example  being  placed  upon  th^  needle,  tends  at  the  fame  time  to  give  to  the  point  q,  which 
is  placed  under  the  bar,  tlie  fame  kind  of  magnetifm  as  at  the  point  u  ;  that  is  to  fay^ 
on  the  hypothefis  of  two  magnetical  fluids  capable  of  moving  towards  the  extremities  of 
the  needle,  if  the  point  u  be  drawn  towards  the  point  n,  the  point  q  which  is  near  it  wiUbc 
drawn  towards  the  point  s,  after  this  point  q  (hall  have  been  pafTed  by  both  magnets.  In 
my  hypothefis,  in  which  the  magnetic  fluid  is  not  capable  of  moving,  except  in  the  inte- 
grant parts,  the  niolccules  u  and  q,  which  are  near  each  other,  tend  to  become  magnetized 
in  oppoGte  dire£lions*,  and  mud  produce  a  diminution  of  magnetifm  towards  the  extremis 
ties  of  the  needle,  where  the  magnetic  fluid  mufl  be  nvoft  condenfed ;  a  circumftanec 
which  may  produce  feveral  poles  in  very  long  needles,  as  is  proved  by  experience.  This 
obfervation,  which  neceflarily  refults  from  the  accurate  meafures  aflx)rded  by  my  experi- 
ments, obliged  me  to  depart  from  the  method  tff  M.  iEpinus.  The  following  is  that 
which,  after  various  trials,  has  proved  by  the  magnetic  balance  to  be  the  moll  advantageous^ 

In  my  operation  I  ufe  four  very  ftrong  magnets  impregnated  by  a  firft  procefs,  which  I 
ftiall  prefently  defcribe.  I  place  my  two  ftrongeft  magnets  (fig.  3.)  NS,  NS,  on  an  horizon- 
tal plane  in  one  right  line,  at  fuch  a  diftance  that  they  may  be  a  few  lines  nearer  to  each 
other,  than  the  length  of  the  needle  n  s  intended  to  be  magnetized.  I  afterwards  take  the 
two  magnets  N'S',  and  inclining  them  as  in  the  method  of  ^pinus,  I  place  them  firft  on 
the  middle  of  the  needle,  or  with  their  poles  nearly  in  contaA.  I  then  draw  each  magnct> 
without  changing  its  inclination,  to  the  extremity  of  the  needle,  and  repeat  this  operation 
five  or  fix  times  on  each  face  of  the  needle.  It  is  clear  that  in  this  operation  the  poles  of 
the  needle  n  s  remain  fixed  and  invariable  at  the  extremities  of  the  needle^  by  means  of 
the  two  (trong  magnets  NS  on  which  it  refts.     The  eflift  produced  by  thefe  can  only  bef 

*  The  excellent  and  well  known  method  of  Coulomb  of  meafuring  the  forces  of  ele^Hcity  and  magnetifm,. 
U  by  iufpending  an  horizontal  lever  or  bar  by  a  fine  wire  at  the  point  of  fofpeniion  j  which  bar  being  turned 
caufes  the  wire  by  its  torfion  to  exert  a  determinable  force  againd  the  action  intended  to  be  meafured.     N. 
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^ugmentea  by  the  a£lton  of  the  two  fuperior  magnets^  which  concuf  in  magnetizing  all  the 
.particles  of  the  needle  in  the  fame  direftion. 

As  the  needle  n  s,  placed  between  the  two  large  magnets  in  the  preceding  operation, 
acquires  by  the  joint  afiion  of  the  four  bars  a  degree  of  polarity  which  is  more  than  it  can 
preferve  when  feparated  from  them^  it  follows  that  at  the  moment  of  this  feparation  the 
needle  lofes  part  of  the  magnetifm  it  derived  from  thofe  forces,  and  thattits  magnetifm  di« 
miniihes  until  the  magnetic  a£lion  of  the  whole  needle  on  each  of  its  parts  is  in  equilibrlo 
with  the  coercive  force.  Hence,  upon  feparating  the  needle  from  the  magnets,  it  is  found 
to  be  faturated  with  magnetifm. 

I  have  found  likewife,  that  in  this  method  of  magnetizing,  there  is  a  greater  certainty  of 
giving  to  both  furfaces  of  needles,  intended  to  determine  the  magnetic  meridian,  an  equal 
degree  of  magnetifm  ;  a  circumdaiice  deferving  of  the  greateft  attention  in  the  conftruc* 
tion  of  compafles,  if  the  needle  be  fufpended  with  its  broadeft  furface  parallel  to  the  ho« 
rizon. 

The  ConJlruBion  of  Art tfidal  Magnets. 

I  TAKE  fig.  4.  thirty  bars  of  fteel  hardened  and  tempered  to  the  temper  of  a  fpring  *  5  or 
6  lines  broad,  2  or  3  lines  thick,  and  36  inches  long.  The  blades  of  fencing  foils,  fuch  as 
are  found  in  the  (hops,  make  pretty  good  magnets.  Englifli  (heet  (teelf  (la  tole  d'acier 
d'Angleterre)  cut  into  pieces  one  inch  wide,  hardened  and  lowered  to  fpring  temper,  is  pre- 
ferable. When  each  compound  magnet  is  to  contain  no  more  than  15  or  20  pounds  of 
fteel,  it  is  fufficient  to  make  the  bars  30  or  36  inches  long. 

I  magnetize  each  bar  fingly,  according  to  the  method  already  defcribed.  I  then  take  two 
reflangular  parallelopipedons  of  very  foft  iron,  well  polifhed,  6  inches  in  length,  between  29 
and  24  lines  broad,  and  10  ur  12  lines  thick:]: :  with  thefe  two  parallelopipedons  repref<;nted 
iig.  4.  at  N  andS|I  form  the  armor  of  my  magnet  by  enveloping  one  extremity  of  each  pa- 
rallelopipedon  with  a  ftratum  of  my  magnetic  bars,  fo  that  the  extremities  of  the  parallelo* 
pipedons  may  proje£l  beyond  the  extremities  of  the  bars  20  or  24  lines,  and  the  other  part 
may  be  enveloped  by  the  ends  of  the  fet  of  bars.  On  this  firft  layer  of  fteel  bars  of  3  or  4  lines 
thick,  I  place  a  fecond  which  is  three  inches  (horter  than  the  firft,  fo  that  the  firft  proje^s 
beyond  the  fecond  18  lines  on  each  fide.  The  whole  is  fecured  at  the  ends  by  two  binding 
pieces  of  copper,  which  prefs  the  bars  clofe  together,  and  prevent  the  armor  from  efcaping. 

Fig.  4.  reprefents  two  artificial  magnets  compofed  according  to  the  method  juft  de* 
fcribed.  N  and  S  are  the  extremities  of  the  two  iron  parallelopipedons.  The  two  other 
extremities  are  inclofed  by  the  bars.     Each  magnet  thus  compounded  is  folidly  connected 

•  By  other  experiments,  the  author  has  afcert aincd  that  the  magnetifm  acquired  by  fiecl  is  leaft  when  it  is 
either  abfolutely  hard  or  annealed  by  a  %%hitc  htat,  and  greatcft  when  it  has  been  hardened  and  annealed  by  a 
very  obfcure  red  heat  i  from  which  middle  term  it  diminifhcs  cither  way,  whether  the  bar  be  harder  or 
ibfter.    N. 

f  We  have  two  forts  at  lead  in  the  London  market.  The  common  fort  is  fold  retail  at  6d.  or  7d.  per  lb. 
the  finer,  under  the  name  of  caft-ftccl  (wliich  I  fuppofe  it  to  be)  is  fold  at  one  Ihilling  per  lb.  and  dcferves  its 
price.    I  have  not  been  able  to  procure  ihcct  fteel  thicker  than  i*Sth  of  an  inch.    N. 

{  All  the  weights  and  meafurcs  in  thif  paper  are  French  j  but  as  extreme  precifion  is  no  where  implied,  k 
was  unneceilary  to  reduce  them.    N. 
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together  by  the  copper  pieces  marked  a,  b^  aS  b'.    The  pieces  of  conta£l  Aj  R»  join  the 
oppofite  poles  of  the  magnets. 

Experience  has  (hewn  me>  that  with  an  apparatus  of  this  form,  each  part  weighing  15  or 
2olb.  a  force  of  80  or  100  pounds  will  be  required  to  feparate  the  pieces  of  conta^;  and 
that  when  an  ordinary  needle  of  the  compafs  is  placed  on  the  two  extremities  of  our  two 
compound  barsj  fig.  4.  they  become  magnetized  to  ifaturation  without  its  being  neceflary 
to  rub  them  with  the  upper  pair  of  magnets.  It  is  fcarcely  neceflary  to  obfesve,  that  when 
magnets  of  greater  force  are  defired,  it  is  neceflary,  in  proportion  as  the  number  of  bars  is 
increafedi  to  augment  their  length  alfo,  and.  the  dimenfions  of  the  parallelopipedons  of  iron 
which  ferve  for  the  armor.  It  would  be  eafv  to  afcertain  the  different  dimenfions  which 
the  magnets  ought  to  havci  in  a  manner  fufEciently  accurate  for  praAice,  from  the  laws  of 
magnetifmi  and  the  poiition  of  the  centre  of  a£iion  of  the  bars  of  (teel,  of  different  lengths 
and  thicknefs^  which  wc  have  explained  in  the  courfe  of  this  memoir. 


ss 


vn. 

0/1  tit  Separation,  of  Arpllaceow  Eanth  from  Magnefia.     By  Mrm^F.  AccVM* 

To   Mr,    N  I  C  H  O  L  S  O  N^ 
8IR, 

±  H  E  feparation  of  argillaceous  earth  from  magnefia,  when  both  ttt  combined  in  ono 
fubflancci  as  1$  very  often  the  cafe  in  mineral  bodies,  has  been  hitherto  confidered  as 
one  of  the  moft  difiicult  operations  in  the  whole  analyfis  of  artificial  and  natural  com- 
pounds. The  experimental  chemifl^,  who  is  pradically  employed  in  the  inveftigation  of 
mineral  fubftances,  muft  be  fenfible  of  the  diflSculties  which  unavoidably  accompany  the 
prefent  method  of  operation  \  and  mtift  likewife  allow,  that  notwithftanding  the  utinoft 
care,  accuracy  and  flcill,  it  is  fcarcely  pofliible  to  avoid  uncertainty  in  his  concluGons  and 
refults.  For  thcfe  reafons,  I  beg  leave  to  obferve,  that  the  above  objeft  may  be  accom- 
pliflied  to  the  utmoft  preciGon  in  the  following  manner :  When  both  thefe  earths  arc  in 
a  folution  of  muriatic  acid  in  a  perfeftly  faturated  ftate,  the  argillaceous  earth  may  be 
totally  feparated  by  means  of  carbonate  of  ammoniac,  as  this  will  only  difengage  that  earth, 
and  the  magnefia  will  be  retained  in  folution ;  which  may  then  be  feparated,  by  adding  fo- 
lution of  pure  potafli  or  foda  to  the  remaining  fluid. 

1  am,  Sir,  your  humble  fervant, 
Haymarht,  No.  1 7.  FREDERICK  ACCUM. 
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Exl'afls  frcm  the  Manufcrtfts  of  Lecncird  dc  Vincu     With  Remarls^  by  J.  B.  VeSTVMI^ 
Profeffbr  of  Natural  Piilofophyat  ModcnOy  Member  of  the  Inftitute  rf  Bohgna*. 

I.  xJH  the  deiceiit  of  heavy  bodies  combined  widi  die  rotation  of  the  earth,  De  Vinci 
fliowf  by  a  figure,  that  a  body  Jet  fall  from  an  eminence  will  continue  perpendicularly  over, 
the  fame  i'pot,  ootwithftaiiding  the  rotation  of  the  earthy  and  confequendy  infers  that 
it  will  describe  m  ijpiral  line.    (It  is  an  ellipfis.) 

It  was  at  the  commeiKemcnt  of  the  j6ih  century  that  the  works  of  Nicolas  de  Cufa 
were  printed»  in  which  that  audior  endeavoured  to  renew  the  ancient  dodlrine  of  the 
motion  of  the  earth,  though  iu  a  confufed  and  metaphyfical  method,  l^he  writing  of  de 
Vinci  is  nearly  of  the  year  1510,  and  fliows  that  this  notion  was  in  a  ftate  of  difcufllon  ia 
the  minds  of  difcerning  men  before  the  time  of  Copernicus.  It  has  been  ailerted,  that 
Kcgiomontanus  fupported  this  dodrine  j  but  he  oppofes  it  dircflly  in  a  writing  preferved 
by  Schoncr,  and  in  his  commentaries  on  the  Almagcft  f .  The  doflrine  of  the  motion  of 
the  earth  was  publicly  maintained  for  the  firft  time  at  Rome,  in  1533,  by  AVidmanftat^, 
who  affirmed  that  he  had  learned  it  from  Copernicus.  The  work  of  this  lad  did  not 
appear  till  1543.  Vinci  was  the  only  man  at  that  time  who  was  fufficiently  acquainted 
with  mechanics  to  apply  the  theory  of  combined  motion  to  the  fall  of  heavy  bodies,  an 
application  of  which  the  honour  was  aflumed  by  Gaflendi  iu  the  lad  century}.  In  this 
ftate  the  opinion  of  philofophers  remained,  until  D'Alembert  demon (Irated,  that  heavy  bo- 
dies projeded  towards  the  zenith  ought  not  to  fall  exactly  at  the  place  whence  they  let 
out.  A  firailar  idea  has  been  taken  up  in  my  country.  The  tower  Afinelli  in  Bologna 
is  about  diree  hundred  feet  high.  A  ball  exaAly  round  being  let  fall  from  this  height  to 
tbe  earth,  ought  to  deviate  nearly  fix  lines  from  the  perpendicular.  J.  B.  Gullielminimade 
the  experiment  in  1792  with  great  care.  He  could  not  avoid  fome  aberrations,  of  which 
the  mean  refult,  however,  confirmed  the  truth  of  a  fadt  which  had  before  been  demon- 
ilrated  by  aftronomy  and  mechanics  y. 

II.  Concerning  the  earth  divided  into  fragments. — L.  de  Vinci  affirms,  that  If  the  earth 
were  cut  into  fragments,  and  difperfed  through  the  furrounding  fpace,  a  fnigle  fragment 
being  let  fall  would  be  carried  to  the  common  centre,  which  it  u'ould  pafs  to  a  nearly 
equal  diftance  on  die  pppofite  fide,  and  return  again  nearly  to  the  place  whence  it  fet  out ; 
and  in  this  way  the  vibrations  would  continue  :-— that  if  all  the  fragments  were  fuftered  to 
fall  at  diffirrcnt  times,  they  would  meet,  ftrike,  and  break  each  other,  and  a  tumultuous 

*  From  the  **  ElTai  fur  les  Ouvragcs  Pliyfico-Mathcmatiqiics  de  Leonard  de  Vinci,**  of  which  poticc  is  taken 
ID  Philof.  Journal,  I.  599.  I  have  abridged  the  parages  in  many  inftances.  All  the  remarks  in  the  text  are 
by  Profcffor  Venturi. 

t  Schocieri  Opera,  pan  feci^nday  cart.  127.     Rcgiomontan.  in  Almagcftum,  1.  p.  concluf.  5. 

X  Marini  Anchiatri  PontiHcii,  torn.  2,  pag.  351. 

§  De  mctu  imprelTo  a  motore  tranflato.  Paris  1642. 

n  De  diurro  terrac  motu  expcrimcntis  confirmato.  Bonon.  1792.— An  experiment  of  this  nature  was  propofed 
to  the  Royal  Society,  and  a  difcourfe  read  thereon  by  Robert  Hooke,  who  inferred  that  the  ball  would  in  our 
latitude  fall  to  the  S.  E.  This»  on  trial  about  December  1679,  proved  to  be  the  cafe.  Sec  Ward*s  Lives  of 
the  Grefham  ProfciTors,  p.  184.    N. 
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commotion  would  be  produced  in  the  atmofphere,  which  would  continue  for  years^  until 
all  the  parts  were  united  about  the  common  centre*. 

III.  Concerning  the  earth  and  the  moon.— That  the  earth  is  a  (lar  i  that  the  Icintillation 
of  the  ftars  is  an  afiedtion  of  the  eye  f;  that  the  earth  performs  the  fame  office  of  illumir 
nation  to  the  moon^  as  the  moon  to  the  earthy  but  with  contrary  phafes ;  that  the  earth  in 
lunar  eclipfes  does  not  receive  light  by  refle£lion  from  the  moon,  mr  the  moon  from  tb§ 
tarth  in  folar  eclipfes;  that  the  obfcure  illumination  of  the  dark  part  of  the  moon  at  the 
beginning  of  the  firft  and  end  of  the  lad  quarters  is  produced  by  refle&ioa  of  foiar  light 
from  tlie  earth. 

IV.  On  the  a£tion  of  the  fun  upon  the  ocean.— -Our  author  affirms  that  the  heat  of  tha 
fun  caufes  the  waters  of  the  fea  to  rife  in  an  eminence  beneath  the  equator^  from  which' 
they  flow  on  all  fides,  as  may  be  obferved  in  water  heated  over  a  fire ;  and  that  the  aqueous 
eminence  following  the  fun  in  the  diurnal  motion  is  carried  through  about  a  thoufand 
miles  per  hour. 

De  Vinci  has  here  applied  the  fame  principle  to  the  waters  of  the  ocean,  as  Halley  hat 
fince  ufed  to  explain  the  trade  winds  in  the  atmofphere  |. 

V.  The  ancient  (late  of  the  earth.— When  the  water  of  rivers  depofited  its  mud  upon  the 
marine  animals  living  near  the  fliore,  this  mud  imprefled  itfelf  upon  the  animals  them- 
felves.  When  the  fea  afterwards  retired,  this  mud  became  petrified  ail  round,  and  within 
the  (hells  of  teftacea  which  it  had  penetrated.  1  hefe  are  found  in  various  places  \  and 
moft  of  the  (hell'(i(h  petrified  in  the  mountains  have  their  (hells  entire,  particularly  thofo 
of  the  greateft  age  and  hardnefs.  In  anfwer  to  a  fuppoCed  objedion,  that  the  influence  of 
the  ftars  may  have  formed  thefe  (hells  in  the  mountains,  the  author  requires  to  be  (hewn 
any  place  where  this  operation  of  the  ftare  is  in  a£lual  progrefs  to  form  (hells  of  differeni 
ages  and  fpecies  in  the  fame  place.  And  how  upon  that  fyftem  it  can  be  explained  why 
the  gravel  has  become  indurated  in  ftrata  at  difFcrent  heights  in  the' mountains.  Thi» 
gravel,  continues  he,  has  been  tranfportcd  thither  from  various  places  by  the  currents  of 
rivers.  It  was  formed  of  fragments  of  ftone,  of  which  the  comers  have  been  worn  down 
by  the  friftions,  blows,  and  falls  they  have  undergone  in  the  water  which  rolled  them  ta 
their  prefcnt  Ctuation.  And  how  can  tliis  fyftem  explain  the  great  number  of  different 
kinds  of  leaves  bedded  in  ftone  near  the  tops  of  mountains  ?  and  the  Alga,  a  marine 
plant,  intermixed  witli  (hells  and  fand,  and  petrified  in  a  mafs  with  fern  crabs  broken  and. 
confounded  with  the  fame  (hells. 

•  In  thisfe£tien  it  is  evident,  as  Profcffor  \'cnturi  remarks,  that  our  author  hat  i  clear  comprehcnfion  of  the" 
incrtU  ©f  matter.  Another  ftep  in  the  procefs  of  rcafoning  would  have  given  a  revolution,  to  his  falling  frag« 
mcnt,  in  an  appropriate  orbit.  The  vibration  of  a  body  ia  a  cavity  through  the  cemne  of  the  earth  to  the  anti,- 
podts,  and  the  retention  of  the  moon  in  its  orbit  by  the  cofnbi nation  of  the  proje^ilc  »nd  gravitadng  forces 
aiv  ftatcd  ina  paffage  of  foroc  length  by  Plutarch,  in  his  trcatifejy<r//fii/Vii  pbiio/opbcrumf  as  I  well  rcacmhcrj 
but  have  not  the  work  at  hand  to  quote.    N. 

f  On  this  fubjcd  it  may  be  remarked  in  favour  oF  rciotillation  being  i  coafe^uence  of  the  irregular  denfity 
U  the  air,  and  not  an  aflfc£lion  of  the  eye,  i.That  itii  Icfs  on  lofty  mountains,  and  countries  where  the  sir  is  a!- 
moft  conftantly  fcrenc.  a.That  in  the  fame  ftar  it  is  Icfs,  the  greaterihc  altitude.  And  j.  That,  contrary  toa  )jei* 
neral  obfcnation,  it  may  be  obferved  through  a  telcfcope,  provided  the  difc  of  the  ftar  be  enlarged  by  derin** 
eing  the  focal  ad  juftment.     N.  .    .    '..i   . 

X  And  very  lately  again  applied  to  the  fea  by  Ccunt  Rumford.   Phibf.  Joiunul,  !•  573-    N. 
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The  fca  changes  the  equilibrium  of  the  earth.  The  oyfters  and  other  (hells  which  are 
formed  in  the  mud  of  the  fea,  atteft  the  change  which  the  earth  has  undergone  about  the 
centre  of  the  elements.  Large  rivers  always  wear  away  the  earth  which  they  detach  by 
friftion  from  their  beds.  TJiis  corrofion  difcovers  to  us  many  hanks  of  fliells  heaped  to- 
gether in  different  layers,  and  the  fiiell-fifti  have  lived  in  the  fame  place  when  the  water* 
of  the  fca  covered  them.  Thefe  banks  in  the  courfe  of  time  have  been  covered  by  other 
ftrata  of  mud  of  different  thicknefFes ;  fo  that  the  (hells  have  been  bedded  in  the  mud 
heaped  above  them  in  fuch  a  manner  as  to  rife  above  the  furface  of  the  water.  At  the 
prcfent  time  thefe  beds  are  at  the  height  of  hills  and  mountains,  and  the  rivers,  by  wear- 
ing them  away,  difcover  the  ftrata  of  (hells  at  their  fummits.  Here  then  is  a  portion  of 
the  earth  become  lighter,  which  continually  rifcs  while  the  oppofite  parts  approach 
nearer  and  nearer  to  tlie  centre  of  the  eartli ;  and  that  which  was  formerly  the  bottom  of 
the  fea  is  now  become  the  fummits  of  the  mountains. 

When  a  river  forms  banks  of  mud  or  fand,  and  afterwards  quits  them,  the  water  that 
runs  from  thefe  mafTes  (hews  the  manner  in  which  the  mountains  and  valleys  may  by  degrees 
be  formed  in  a  foil  rifing  from  the  bottom  of  the  fea,  though  this  ground  might  at  iir(i 
have  been  nearly  plain  and  uniform.  The  water  which  flows  from  this  land  elevated  from 
the  bottom  of  the  ocean,  begins  to  form  currents  at  the  lower  parts,  and  excavates  the  beds 
of  rivulets  which  receive  the  fluid  from  the  neighbouring  parts.  1  he  rivulets^  afterwards 
fed  by  the  rain  waters,  become  broader  and  deeper  every  day,  and  are  converted  into  tor- 
rents pa(fing  through  ravines :  they  unite  into  rivers,  and  by  continually  wearing  away 
their  banks  they  convert  the  land  between  them  into  mountains.  The  rains  have  in« 
ceflantly  fwept  and  degraded  thefe  mountains.  The  elevated  rock  remains  furrounded  by 
the  air ;  the  earth  of  the  fummit  and  its  fides  has  dcfcended  to  its  bafe,  and,  by  raifing 
the  bottom  of  the  fea  which  furrounded  that  bafe  itCelfj  has  forced  it  to  retire  to  a 
diftance. 

Vinci  is  here,  the  firft  among  modern  philofophcrs  who  maintained  that  the  greateft 
part  of  the  continents  have  formerly  exifted  at  the  bottom  of  the  fea.  We  cannot  reje£l: 
this  doArine,  which  is  proved  by  every  geological  obfervation  •,  but  we  do  not  yet  difeem 
the  means  of  reconciling  the  fucceflTive  tranfportation  of  the  fea,  on  the  furface  of  the  globe^ 
with  the  laws  of  gravitation.  L.  de  Vinci  ofl^ers  an  explanation  which  may  well  deferve 
fome  examination.*  It  is  difllerent  from  the  opinion  of  Bernier,  who  has  afcribed  a  motioa 
to  the  centre  of  gravity,  without  changing  the  arrangement  of  the  folid  parts  of  the  earth. 
But  the  profound  geometer,  who  has  lately  traced  the  fyllem  of  the  world,  agrees  that  the 
obfervations  of  Bouguer  and  Ma(kelyne  on  the  attra£tion  of  mountains  do  not  entirely  de- 
termine the  denfity  of  the  interior  part  of  the  earth  *.  We  may  therefore  (till  fuppofe  at 
prefent,  as  Vinci  does  in  his  writings,  that  the  fluid  mafs  in  our  globe  is  equal,  or  may  be 
even  greater  than  the  folid  portion :  or,  if  this  hypothefis  be  not  admitted,  it  will  be  fufli- 
cient  if  we  fuppofe  that  there  are  feveral  detached  folid  maflfes  in  our  globe,  fo  that  each 
continent  may  be  conGdered  as  a  fmall  part  of  the  total  mafs  of  the  earth.  Whence  the 
mafs  of  matter  tranfporteu  by  the  rain  during  the  lapfe  of  centuries  from  the  fummits  of 
mountains  to  the  bottom  of  the  fea,  may  be  fufEciently  great,  in  proportion  to  the  mafs  of 
each  continent,  to  caufe  thofe  continents  to  emerge  more  and  more  above  the  furface,  or 

*  Expofition  du  Syfltec  du  Monde^  par  P.  S.  La  Place. 
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to  caufe'tliem  to  rife  on  one  fide,  while  they  become  immerfed  on  the  other,  until  at  length 
fome  great  (hock  may  rererre  them  entirely,  or  caufe  fome  new  mafles  to  rife  from  the 
bottom  of  the  fea.  This  will  be,  it  may  be  faid,  an  hypothetical  notion  \  but  it  is  a  notion 
which  (hews  that  dc  Vinci  contemplated  the  caufe  of  the  phenomenon  in  a  way  fufEciently 
agreeable  to  the  mechanifm  of  gravitation.  No  philofophcr  fincc  his  time  has  yet  thought 
of  a  more  fatisfa£lory  explanation  *• 

VI.  Concerning  flame  and  air.— Where  flame  is  produced,  a  current  of  air  takes  place 
around,  which  is  neceflary  to  preferve  and  augment  the  flame.  The  ftronger  the  motion  of 
the  air,  the  more  brilliant  the  flame  and  the  greater  the  heat.  Fire  inceflantly  deftroys  the 
air  which  nouri(hes  it ;  and  it  would  produce  a  vacuum,  if  other  air  did  not  rufli  in  and 
fill  it.  When  the  air  is  not  in  a  ftatc  proper  to  receive  the  flame,  neither  flame  nor  any  tcr- 
redrial  or  aerial  animal  can  live.     No  animal  can  live  in  a  place  where  flame  cannot  live. 

Smoke  Is  produced  in  the  centre  of  the  flame  of  a  candle,  becaufe  the  air  which  enters 
into  the  compofition  of  the  flame  cannot  penetrate  to  its  interior  part.  It  is  arrefted  at  the 
furface  of  the  flame,  which  it  condenfes ;  by  becoming  the  aliment  of  the  flame  it  is  tranf- 
formed  into  it,  and  leaves  a  void  fpace,  which  is  fucceflively  filled  by  other  air. 

*  I  muft  confcfs  that  the  difHcuItics  of  this  theory  do  not  appear  to  be  removed  cither  by  the  obfervations  of 
the  author  or  his  learned  commentaror.     I  apprehend  that  the  hypothecs  requires  or  aflcnt,That  fome  natural 
procefs  (hould  take  place  to  raife  the  land  above  the  furface  of  the  water,  which  was  originally  beifcath  that 
furface  ;  and  the  affumed  principle  is,  that  ir  fliull  ri(c  becaufe  lighter  than  an  equal  mafi  of  water.  The  fpeciBv 
gmvirif  s  of  mineral  fubftancet  atlr  totally  repugnant  to  this  notion  of  floating  continents,  unlefs  we  fuppofethera 
to  be  hoiluwy  which  is  by  no  means  rendered  probable  to  the  required  degree.    Neither  do  we  know  of  any  fa^s 
which  ihew  that  the  longitudes  and  latitudes  of  places  on  the  fcveral  continents  are  liable  to  change,  as  muft  b* 
the  cafe  if  each  continent  were  a  fcparace  mafs  capable  of  librating  on  a  comparatively  narrow  face  of  fupporr, 
as  liems  to  be  implied  in  one  part  of  ProfciTor  \'ciJturi*s  annotation.  It  appears  however  to  be  well  afcertained, 
that  the  fea  has  formerly  furmounted  the  level  of  high,  and  perhaps  the  higheft  mountains  ;  and  from  riie  re- 
gularity of  difpofition  which  in  many  inftances  is  obferrable  (Philof.  Journal,  I.  axi.)  it  may  be  doubted 
whether  the  (hock  of  a  comet  (Philof.  Journal,  II.  42.}  and  the  fuppofed  change  of  the  earth's  axis  of  rota« 
tion  are  fuf&cient  to  account  for  its  fubfcquKot  dcprcfljon.     I  think  it  is  fcarcelydifpu table,  that  the  wiiole  of 
the  folid  mafs  of  the  earth  is  connected  together,  and  that  the  fluid  portion  occupies  the  cavities  to  which  it 
can  have  accefs  in  this  folid.     If  we  fuppofc  the  globe  of  the  earth  to  have  been  formerly  enveloped  by  a  fea, 
whofq  furface  was  between  t%vo  and  three  miles  liigher  than  the  furface  of  theprefent  ocean,  'or' even  much 
lefs  elevated,  the  fimple  enquiry  will  be,  what  hais  become  of  it  >   It  cannot  have  aflumed  the  elaiftic  ftatc  \  for 
tve  know  the  medium  weight  of  tiie  atmofphere,  which  correfponds  with  little  more  than  a  ihell  of  water  co- 
vering the  earth  to  the  depth  of  about  thirty-three  feet.     We  %r^  therefore  led  to  the  following  objei^s  of  itu- 
vefligation :  i.   Is  the  earth  folid  throughout,  or  does  it  afibrd  natural  cavities  into  which  the  water  may,  in 
the  courfe  of  ages,  have  found  its  way  ?   s.  As  a  very  large  pan  of  the  prefent  furfrxe  of  the  earth  has  been 
thrown  [up  by  the  chemical  procefs  of  volcanic  combuftion,  and  thcfc  proccflcs  muft  have  left  cavities  beneath 
the  furface,  it  m^y  become  a  matter  of  computation  to  determine  the  folid  contents  of  volcanic  produft  above 
the  prefent  level  of  the  fea,  in  order  to  afcertain  the  quantity  of  deprtfiion  the  fea  would  have  fuflferod  oq  the 
fippofltion  of  its  having  fooner  or  later  flowed  into  thofe  cavities.     3.  If,  iipon  careful  enquiry  into  thefe  fa^s, 
it  ihould  be  albcrtainod,  or  rendered  highlypjobable,  that  the  pri^iitive  fea  has  in  a  great  meafure  difappeared 
'  by  flowing  into  cavities  in  the  folid  mafs  of  the  earth,  would  not  the  globe  of  the  moon  afford  an  inftancc  ia 
confirmation  of  fuch  a  procefs  ?  For  the  obfcure  parts  of  that  globe  which  were  at  flril  thought  to  be  feas  aire 
obfervcd  to  be  cavities,  probably  the  beds  of  ancient  feas.     It  feems  Hkely  that  the  component  parts  of  the 
moon  (whatever  may  be  thofc  of  the  other  planets)  are  nearly  the  fame  as  of  the  earth.     Yet  its  atmofphere 
as  well  as  its  furface  indicates  a  great  ^vant,  if  not  the  total  abfcnce  of  water.   Hat  it  required  left  time  for  the 
lunar  fea  to  be  abforbed  ? — Much  more  might  be  faid  :  but  on  an  objefl  where  fndis  are  wandng,  and  con. 
jedhires  plentiful,  too  nruch  lias  ptrilaps  bten  faid  already.    N. 

;,  Mufchcn- 


'Mufehcnlm>ek  and  mod  oT  the  philofophers  of  tbe  prefent  century  hare  httnlmtcd 
fcarceljr  any  other  funflion  to  the  air  than  that  of  comprefling  the  caloric  or  fuel  in  a 
ftate  of  combuftion,  and  blowing  away  the  aflies.  Checiiftry  has  lately  proved  what 
Vinci  had  before  difcerned,  and  Mayow  and  Hooke  had  fufpcfbcd  towards  the  end  of  the 
lift  century. 

VII.  and  VIII.  On  Statics. — The  author  explains  the  theory  of  the  oblique  lercr,  the 
inclined  plane,  and  the  general  principle  of  virtual  velocities  in  machines. 

Vinci  and  Galileo  both  obferved,  that  the  defcent  of  heavy  boilies  is  made  more  fpeedil^ 
through  an  arc  of  a  circle  than  by  an  inclined  plane  ;  but  their  proofs  are  imperfcdl  in  cer- 
tain rcfpcdts.  It  has  fincc  been  demonftnred  that  the  cycloid  is  the  curve  of  quickefl  de- 
fcent. Ncverthelcfs,  I  find  that  there  is  a  minimum  of  time  of  defcent  in  a  circular  arc> 
which  may  be  determined  in  a  fyntlietical  method  of  confiderablc  fin>plicity^  by  means  of 
the  following  theorem. 

An  arc  of  a  circle  which  does  not  exceed  60**  is  a  curve  of  fpeedier  defcent  than  any 
other  curve  which  can  be  drawn  within  the  fame  arc  :~and  the  arc  of  90^  is  a  curve  of 
fpeedier  defcent  than  any  other  curve  which  can  be  drawn  without  the  fame  arc*. 

IX.  Concerning  water  drawn  from  a  canal. — The  quantity  of  water  which  iffues  from  a 
canal  through  a  given  aperture^  may  vary  from  many  caufes.  i.  From  the  greater  or  lefs 
height  of  the  water  of  the  canal  above  the  aperture.  2.  From  the  greater  or  lefs  fwiftneft 
of  the  water  along  the  fide  or  bank,  in  which  the  opening  is  made.  3.  From  the  greater 
or  lefs  convergence  of  the  fides  of  the  aperture.  4.  The  greater  or  lefs  thickncfs  of  the- 
fide  of  the  canal.  5.  Whether  the  aperture  be  circular,  fquare,  triangular,  or  oblong..* 
€.  Becaufe  the  aperture  is  more  or  lefs  obliquely  fituated  with  regard  to  the  bearing  or 
dire£lion  of  the  fide.  7.  Or  more  or  lefs  inclined  to  the  horizon.  8.  Whether  the  opening 
be  in  a  convex  or  concave  part  of  the  bank.  9«  Whether  there  be  cavities  or  prominences 
in  the  bed  of  the  canal  oppofite  the  aperture.  10.  Whether  the  air  do  or  do  not  infinnate 
itfelf  into  the  current  of  water  which  iffues  forth.  11.  Whether  the  water  at  its  emiffion 
fall  freely  in  the  air,  or  is  conduced  away  by  an  open  trough,  or  by  a  pipe  clofed  alt 
found*  12.  Whether  this  condu^iing  pipe  have  a  greater  or  lefs  diameter  with  regard  toc 
the  quantity  of  water  which  defcends  in  the  tube  itfelf.  13.  Whether  the  fame  condu£b« 
kig  pipe  have  a  greater  or  le(s  length  in  its  defcent.  And  14.  Whether  the  bore  of  thi^ 
pipe  be  equal  or  rough,  ftraight  or  curved. 

It  muft  be  admitted  here,  as  well  as  elfewhere,  that  De  Vincf,  though  pofleffed  of  a  mind 
lb  powerful  as  to  difcern  the  true  caufes  of  natural  phenomena,  had  not  the  advantage  of 
modern  analyfis  to  afcertain  and  demondrate  the  quantum  of  a£lion  of  thefe  caufes.  But^ 
on  the  odier  hand,  it  mnft  be  allowed  that  hydraulics  even  in  our  time  has  not  yet  perfedl j 
tnd  accurately  determined  all  the  laws  according  to  which  the  fourteen  circumftancct 
pointed  out  by  Leonardo  zSifk,  the  quantity  of  water  emitted  through  an  aperture  of  a 
given  magnitude. 

X.  Concerning  circular  eddies,  or  whirls  of  water. — The  author  marks  the  effeft  of  the 
inertia  of  bodies  which  produces  a  centrifugal  force  in  curve-lined  motions.  He  remarks  that 
the  cavity  produced  in  water  by  a  whirling  motion  is  lead  at  the  bottom,  becaufe  there  the 

f  For  the  demonftratiom  I  mi^  refer  to  the  'ES»j^  p<  19.    N» 
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^reflurc  Is  greJtteft ;  and  that,  contrary  to  the  obfervable  motion  in  a  wheel,  the  parts 
ncareft  the  axis  in  the  prefent  cafe  move  the  fwifteft  *. 

XI.  On  vifion.— The  invcrfion  of  images  formed  in  the  darkened  chamber  by  rays  ad- 
mitted through  a  fmall  hole  in  a  plate  of  metal  are  explained  by  a  diagram,  and  applied 
to  the  phenomena  of  vifion.  It  is  alfo  remarked,  that  the  apparent  magnitude  of  remote 
objefts  may  be  enlarged  by  rendering  the  pencils  of  light  more  convergent.  This  is 
(hewn  by  a  figure,  but  the  means  are  not  perfpicuoufly  explained. 

XII.  On  military  architeclure.— Under  this  title  the  author  gives  dircdlions  for  con- 
ftrufting  military  works  ;  and  confidcrs  their  relative  properties  with  regard  to  attack  and 
defence.  He  exhibits,  as  his  commentator  remarks,  a  (ketch  nearly  complete  of  the  art 
of  fortification,  and  the  attack  and  defence  of  places,  at  the  commencement  of  the  fix- 
teenth  century.  We  obferve  platforms,  buttrcfles  or  counterforts,  ravelins,  the  glacis 
furrounding  the  ditch,  trenches,  advantages  of  the  ricochet,  mines  and  countermines,  and 
in  fome  defigns  of  de  Vinci  there  arc  even  counterguards.  It  muft  however  be  remarked, 
that  Leonardo  was  much  fuperior  to  the  engineers  of  his  time  ;  in  proof  of  which  his  ob- 
fcrvations  in  this  fe£lion  may  be  compared  with  what  Machiavel  delivers  on  the  fame 
fubjeft  in  his  Art  of  War,  and  what  Albert  Durer  has  written  upon  fortification  f . 

It  is  pretended  that  the  baftionsof  Verona  J  were  the  firft  which  were  conftrufted  with 
light-lined  faces,  flanked  in  the  modern  faftiion  ;  and  the  merit  of  this  invention  has  been 
afcribed  to  San  Michel.  The  baftions  of  Verona  were  however  conflrufted  after  the  death 
of  Leonardo,  who  had  explained  the  ncceflity  of  that  difpofition,  and  has  marked  embrafures 
in  each  flank  of  the  baflion  in  one  of  his  figures. 

Geufs,  in  his  Tkcorie  de  V Art  da  M'meur  H,  reproaches  Valliere  for  having  robbed  Peter 
Navarro  of  the  glory  of  the  invention  of  mines,  to'  attribute  it  without  foundation  to 
Francis  Georgi  §.  Valliere  may  be  defended  by  the  teftimony  of  Biringuccio,  who  was  the 
countryman  and  contemporary  of  Georgi.  He  exprefsly  faysf,  "that  it  was  this  en- 
gineer who,  being  confulted  by  Navarro  refpefting  the  means  of  taking  the  caftlc  of 
Naples,  propofed  and  executed  the  mines,  and  that  the  glory  remained  with  the  com- 
mander General  Navarro,  becaufe  renown  difpofes  itfelf  on  the  fide  of  great  men.*'  But, 
in  faft,  the  invention  of  mines  with  gun-powder  is  more  ancient  than  eithei-  of  thcfe  per- 
Ibnages.  The  Genoefe  executed  them  in  1487  **.  The  manufcript  N<>  7239  of  the 
French  National  Library  was  written  by  an  Italian  who  lived  at  the  commencement  of 
the  15th  century.  The  author  explains  very  clearly  (fol.  32)  the  manner  of  taking  a 
caftle  fituated  on,  a  mountain,  by  the  operation  of  mines  ff. 

XIII.  Concerning  certain  inftruments. — i.  The  proportional  compafTes.  Its  centre  is 
moveable ;  and,  as  the  author  remarks,  it  may  be  ufed  for  the  proportions  of  incommen- 
furablc  quantities,  and  alfo  to  form  an  oval  which  (hall  have  a  given  ratio  to  a  given' 

♦  Profeffor  Vcntiiri  his  treated  this  fubjc^  in  his  Rcchcrchei  Exp^rimentalcs,  &c.  p.  58,  for  an  account  of 
which  work  fee  our  Journal,  I.  515. 

f  Dc  urbibr.s  arcibus  caftcHIs,  fol.  Paris,  1535.  \  Maffei  Iftoria  di  Verona,  part.  3,  cap.  4. 

jl  In  8vo.  Maftricht  1778.  §  21.  §  Folard,  torn.  iii. 

^1  Pyrotcchnia,  !iv.  10.  cap.  4.  •»  Guicciardini  Iftoria,  lib.  vi. 

ft  Mr.  Venturi  gives  a  more  particular  account  of  this  manuscript  and  its  contents  in  the  notices  at  the  end 
of  the  prefent  treatifc. 
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tircle.  M.  Ventuti  informs  us,  that  from  a  drawing  in  the  manufcript  it  docs  not  appear 
to  have  been  different  from  the  inftrument  now  in  ufe.  2.  An  inflrument  to  (hew  the 
conditution  and  denfity  of  the  air^  and  when  the  weather  inclined  to  rain.  From  the 
figure  it  appears  to  have  been  a  balance  loaded  at  each  end,  and  provided  with  a  graduated 
circle  to  fhew  its  changes  of  inclination.  M.  Venturi  thinks  that  one  of  the  weights  in 
equilibrio  was  a  body  proper  to  become  charged  with  the  humidity  of  the  atmofphere. 
This  does  not  very  well  agree  with  the  conGderation  of  denlity,  though  it  muft  be  con- 
fefled  that  the  equal  magnitudes  of  the  two  weights  in  the  drawing  do  not  give  much 
countenance  to  the  notion  of  its  having  been  a  (tatical  barofcope.  3.  A  leathern  cafe  or 
clothing  for  a  diver  in  the  pearl  fifliery.  4.  A  piece  (bdton)  which  locks  alternately  in  the 
teeth  of  a  crown  wheel  to  operate  like  the  verge  of  the  balance  in  clocks ;  but  for  what 
purpofe  is  not  faid^. 

XIV.  Two  chemical  procefles. — i.  A  flaming  ball  compofedin  the  following  manner  :— 
Take  the  charcoal  of  willow,  nitre,  brandy,  refin,  fulphur,  pitch,  and  camphor.  Mix  the 
whole  together  over  the  fire.  Plunge  a  woollen  cord  in  the  mixture,  and  form  it  into  balls^ 
which  may  afterwards  be  provided  with  fpikes.  Thefe  balls  being  fet  on  fire,  are  thrown 
into  the  enemy's  vefiels.  It  is  called  the  Greek  fire,  and  is  a  fingular  compofition,  for  it 
burns  even  upon  the  water.  Callinicus  the  architect  taught  this  compofition  to  the  Ro« 
mans  (of  Conftantinople),  who  derived  great  advantage  from  it,  particularly  under  the  em* 
peror  Leo,  when  the  Orientals  attacked  Ccnftantinople.  A  great  number  of  their  veflets 
were  burned  by  means  of  this  compofition. 

2.  Oil  fit  for  painting.  Choofe  the  moft  perfe£l  nuts,  take  o(F  the  fliell,  foak  them  in  a 
vcfiTcl  of  water  to  feparate  the  ficin;  then  leave  the  kernels  in  clear  water,  which  is  to  be. 
changed  as  often  as  it  becomes  turbid,  which  may  be  fix  or  eight  times.  After  a  certala 
time,  the  nuts  on  being  ftirred  will  be  found  to  mix  with  the  water,  and  form  a  ro]uti6a 
refembling  milk.  Expofe  this  in  plates  to  the  open  air,  and  the  oil  will  rife  to  the  furface. 
In  order  to  obtain  this  oil  very  clean  and  pure,  provide  cotton  wicks,  one  end  of  which  U 
to  be  dipped  in  the  oil,  while  the  other  part  pafles  over  the  border  of  the  vefTel,  and  de- 
fcends  into  the  neck  of  a  glafs  phial  two  inches  below  the  fuiface  of  the  liquor  in  the 
plate.  The  oil  will  by  degrees  filtrate  along  the  wick,  and  pafs  very  fine  into  the  phialf 
aill  the  impurities  remaining  in  the  plate.  All  the  oils  of  grain  and  of  nuts  are  equally  clear. 
It  is  the  manner  of  extracting  them  which  renders  them  foul. 

The  compofition  of  the  Greek  fire  here  given  by  Vinci,  is  found  nearly  in  the  fame 
words  in  Baptifta  Portaf,  whence  it  appears  that  both  authors  derived  their  information 
from  the  fame  fource.  The  modern  difcoveries  in  chemiftry  refpefting  combudion  have 
difclofed  the  whole  fecret  of  compofitions  which  burn  without  acccfs  to  the  atmofpherCy 
but  by  means  of  oxygene  afforded  from  nitre.  The  balls  dcfcribed  by  Frezier  J,  which 
fliine  on  the  furface  of  water,  are  nothing  elfe  but  the  Greek  fire. 
.XV.  Concerning  method. — It  is  always  of  advantage  to  the  underftanding  to  acquise 

•  The  intcrefting  commentary  or  note  on  this  laft  paffagc  has  already  been  given,  for  the  moft  part,  at 
page  51  of  the  prefcnt  number. 


f  Mag.  Natur*  lib.  xii.  c{4>.  2. 

\  Des  feux  4*artifices,  edit,  de  x  747,  p.  355.    See  alfo  p.  33  2* 
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knowledge  whatever  may  be  its  nature  \  we  may  afterwards  choofe  the  good,  and  rejeft  the 
ufclcfs-{Qu.?) 

Theory  is  the  General ;  Praflice  is  the  Army. 

Experiment  is  the  interpreter  of  the  contrivances  of  nature.  Tim  interpreter  never 
deceives  us.  Oar  judgment  fometimes  mifieads  itfelf  in  expectation  of  confequences 
which  experiment  refufcs  to  vcrify>. — We  muft  recur  to  experiment,  and  vary  the  circum« 
ftances  until  we  have  deduced  general  rules,  for  it  is  experience  which  affords  the  true 
rules. — But  you  may  afk,  What  is  the  advantage  of  thefc  rules  ?  I  reply,  that  they  dire£t 
our  rcfearches  into  nature,  and  the  operations  of  art.  They  prevent  us  from  deceiving  our- 
fclves  or  others  by  the  promife  of  refults  which  cannot  be  obtained. 

There  is  no  certainty  in  fciences  to  which  fome  part  of  the  mathematics  cannot  be  ap- 
plied} or  which  do  not  depend  in  fome  manner  upon  mathematical  knowledge. 

In  the  ftudy  of  fciences  which  depend  on  the  mathematics,  thofe  who  do  not  confult 
nature,  but  authors,  are  not  the  children  of  nature.  1  would  call  them  her  grand-children. 
Nature,  in  faQ,  is  the  fole  leader  of  true  genius.  But  fuch  is  the  foUy  of  men.  He  who 
choofes  rather  to  learn  from  the  original  fource,  inftead  of  applying  to  authors,  becomes 
an  objeA  of  derifion  for  his  Gngularity  *. 


IX. 

Okfervations  and  E9cperimcnts  en  the  Formation  of  Sulphate  of  Soda^  or  Glauker^s  Salty  in  Salt 
Waters^  at  a  Temperature  beneath  the  Freezing  Point  of  IVater^  and  tipon  an  eafy  Method  of 
difengaging  all  the  d^liquefcent  Salts.     By  M.  Gji£N  f- 

X  H  £  influence  of  temperature  upon  the  eftablifhed  laws  of  mutual  decompofition  of 
tjie  neutral  and  middle  falts,  is  a  circumilance  very  eflential  to  be  obfetyed.  Many  (alts 
are  not  decompofed  above  the  temperature  of  freezing  water,  though  very  well  beneath 
that  temperature.  Such)  for  example,  are  the  fulphate  of  alumine  and  the  muriate  of 
foda  I  the  fulphate  of  magnefia  and  the  fame  murhite. 

The  formation  of  Glauber's  fait  during  congelation  in  fait  water,  wherein  previous  ana- 
lyGs  did  not  difcover  it,  had  long  fince  engaged  the  attention  of  the  author.  He  concluded 
that  the  fulphate  of  foda  owed  its  origin  to  the  mutual  decompofition  of  fulphate  of  lime 
and  muriate  of  foda,  at  a  temperature  below  zero.  A  more  accurate  analyfis  of  thefe  wa- 
ters after  the  fevere  cold  of  1794  and  i795>  Proved  that  he  was  miftaken,  and  that  the 
fulphate  of  foda  had  been  formed  by  the  double  decompofition  of  the  muriate  of  foda  .  and 
the  fulphate  of  magnefia.  The  excefliVe  cold  of  1785  had  already  exhibited  this  decom- 
pofition to  Scheele,  and  he  had  (hown  that  fulphate  of  foda  was  produced  from  a  mixture 
of  two  parts  of  the  folution  of  fulphate  of  magnefia,  and  one  part  of  the  muriate  of  foda, 
expofed  to  the  temperature  of  ice. 

•  Profeflbr  Vcnturi  intends  topublifli  as  fpccdily  as  circumftances  will  permiti  in  three  complete  treatifcs,  the 
whole  works  of  De  Vinci  un  mechanics,  hydraulics,  and  optics.     N. 

f  The  memoir  of  M.  Gren  was  addrefled  by  himfelf  in  manufcript  to  the  Council  of  Mines  in  France, 
who  publiihed  it  io  the  xxviiih  Humber  gf  the  Journal  dcs  Mines.  Citizen  Dcfcotilt  abridged  the  fame  in  the 
xsivth  volume  of  the  AuaaUs  de  Chimic,  £«itui.  Xhc  above  paper  is  a  tranflation  from  his  abridgment.  N. 

N  a  M.  Grcii 
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M.  Gren.  was  convinced  by  experiment,  that  the  fulphate  of  niagnefla  in  fait  waters  formt 
at  a  fufEcient  degree  of  cold  all  the  fulphate  of  foda  which  can  then  be  afforded,  and  of 
which  they  did  not  before  contain  the  fipallefl;  particle.  He  endeavoured,  but  conftantly 
without  fuccefs,  to  reproduce  the  muriate  of  foda,  and  the  fulphate  of  magnefia,  by  an  ele- 
vation of  temperature.  So  tliat  fait  waters  which  contain  fulphate  of  magnefia  changp 
their  nature ;  and  their  compofition  is  no  longer  the  fame  when  they  have  been  fubje£led 
to  fome  degrees  of  cold  below  the  freezing  point;  and  a  fubfequent  incrcafe  of  heat  will 
not  re  (lore  their  former  ftate. 

The  quantity  of  muriate  of  magnefia  in  fait  waters  which  contain  fulphate  of  magnefia^. 
is  increafed  by  a  temperature  beneath  zero.  It  is  therefore  produdtive  of  a  real  lofs  to- 
fufTer  the  fait  water  to  remain  in  the  bafons  during  tlie  winter,  becaufe  they  will  after- 
wards afford  a  muriate  of  foda  of  a  bad  quality,  and  die  fulphate  of  foda  which  is  ob^ 
tained  will  not  compenfate  for  this  difadvantage.  It  appears  likewife  that  the  hope  of  con»- 
centrating  fea  water  by  frofl  is  chimerical. 

It  was  an  important  queftion  to  be  refolved  in  die  art  of  making  fait,  what  might  be  the 
means  of  feparating  the  deliquefcent  falts  even  before  the  evaporation.  In  this  refpeA 
M.  Grcn  has  fucceeded.  His  procefTes  are  founded  on  the  decompodtion,  well  known  to 
chemiftsi  of  muriate  of  lime  by  fulphate  of  foda,  and  muriate  of  magnefia  by  cauftic  lime* 

If  the  water  contain  only  muriate  of  lime  with  the  muriate  of  foda,  the  fulphate  of  foda 
is  fuSicient:  if  there  remain  muriate  of  magnefia  and  fulphate  of  foda,  lime  will  fuffice. 
In  this  cafe  muriate  of  lime  is  formed,  which  afterwards  decompofes  the  fulphate  of  foda 
by  double  affinity. 

If  the  water  contain  the  muriate  and  fulphate  of  magnefia  without  fulphate  of  foda,  it 
v^'ill  be  necefifary  to  employ  lime  and  fulphate  of  foda  at  the  fame  time. 

The  fame  fubftances  muft  alfo  be  employed,  if  the  water  contain  the  muriates  of  lime 
and  magnefia  together;  which  then  entirely  exclude  the  fulphates  of  foda  and  of  magnefia. 

Laftly,  if  the  fulphate  and  the  muriate  of  magnefia  be  prefent  with  the  fulphate  of  foda, 
lime  only  need  be  employed,  unlefs  the  quantity  of  the  fulphate  of  foda  be  found  infuf- 
ficient.     In  this  cafe  a  portion  of  the  fait  muft  be  added. 

Thefe  procefles  introduce  no  foreign  fait  into  the  waters,  becaufe  they  arc  already  fttu- 
rated  with  fulphate  of  lime,  which  does  not  render  the  muriate  of  foda  more  impure,  be- 
caufe it  feparates  in  the  ftate  of  fchlot.  They  have  the  advantage  to  clear  it  of  the  ful- 
phates of  foda  and  magnefia,  which  alter  the  purity  of  the  muriate  of  foda,  and  render  it 
bitter.  Befides  which,  in  the  praftice,  no  mother  water  remains.  The  whole  of  the  fluid 
may  be  evaporated  to  the  laft  drop,  and  all  the  fait  extraftcd,  which  will  conftantly  be 
|jure  marine  fait.  The  directors  of  fait  works  will  eafily  perceive  how  much  profit  win 
thus  be  obtained  with  regard  to  time  and  fuel  confumed  in  the  evaporation  and  drying  of 
the  falts.  But  this  is  merely  a  fecondary  profit,  greatly  inferior  to  the  principal  advantage 
of  obtaining  a  pure  fait  not  deliquefcent,  but  capable  of  refifting  the  impreflion  of  the  air^ 
and  of  being  preferved  and  tranfported  without  lofs. 

The  ftrongeft  objeftion  againft  the  ufe  of  thefe  proceflTes  may  arife  from  the  neceflSty  of 
purchafing  fulphate  of  foda  ;  and  this  objeflion  would  be  very  well  founded,  if  the  fait  wa- 
ters were  not  for  the  moft  part  of  fuch  a  nature  as  to  aflFord  it  themfelves  at  a  fmall  ex- 
pence  ',  that  is  to  fay,  by  their  maceration  at  a  temperature  below  zero.    It  would  be  fufli- 

cient 
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clent'to  leave  a  certain  quantity  in  the  bafons  ezpofed  to  the  cold  during  the  winter.  It 
would  not  indeed  be  proper  to  extra£l  the  common  fait  from  thcfe  waters,  after  having 
feparated  the  fulphate  of  foda,  becaufe  they  would  then  contain  too  great  a  quantity  of.  mu- 
riate of.magnefia.  It  would  be  more  advantageous  to  add  fulphate  of  iron  to  prepare  the 
fulphatcs  of  foda  and  of  magneGa. 

With  regard  to  fuch  waters  as  do  not  contain  any  fulphate  of  magnefia,  which  is  vttf 
rare,  ft  would  ftili  be  of  advantage  to  purify  them  by  thefc  means  5  becaufe  the  water  muft 
be  very  bad,  and  highly  charged  with  deliquefcent  falts,  to  require  more  than  fifty  or  fe- 
venty-fivc  pounds  of  fulphate  of  foda  for  thirty  quintals  of  fait  obtained  by  evaporation. 

In  order  to  make  ufe  of  this  method,  it  is  proper  to  be  well  acquainted  with  the  prini- 
ciples  which  enter  into  the  conipofition  of  the  water  intended  to  be  purified.  It  then  will 
be  known  whether  lime  alone,  or  fulphate  of  foda,  or  both  fubftances  together,  ought  to  be 
ufed.  Immediate  experiment  muft  afterwards  determine  what  quantity  ought  to  be  ufed 
to  infure  the  moft  pcrfeft  fuccefs. 
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A  Report  made  to  the  Council  0/ Trade  and  Mines  in  Spain^  on  a  new  Kind  of  Wood  for  Dyeings 
named  Paraguatan.    By  D,  DOMINI^E  GaRCIA  FERNANDEZ^  InfpeBor  of  Coinage  *'. 


I 


N  compliance  with  the  order  of  the  Supreme  Council  of  Commerce  and  Mines  I  have 
undertaken  a  chemical  examination  of  the  wood  known  ac  Guiana  by  the  name  of  Para* 
guatan  ;  which  I  have  carried  as  far  as  appeared  neceffary  to  afcertain  the  nature  of  the 
wood,  and  the  advantages  to  be  derived  from  it.  In  the  firft  place  I  obfcrved  that  the 
bark,  the  wood  properly  fo  called,  and  the  leaves  of  paraguatan  afford  different  colours. 
The  leaves  do  not  deferve  notice,  becaufe  they  produce  only  a  falfe  and  difagreeable  co- 
lour. My  refearches  were  chiefly  direfled  to  the  bark,  which  is  the  part  moft  deferving 
of  attention.  But  my  remarks  upon  the  bark  may  alfo  be  extended  to  the  wood  \  for^ 
though  this  affords  a  different  colour,  it  prefents  nearly  the  fame  phenomena  as  the  bark 
itfelf. 

When  the  bark  is  boiled  in  water  it  affords  a  coloured  extraft,  which,  when  exppfed  to 
the  aftion  of  the  fulphuric,.  muriatic  or  nitric  acid,  reCfts  their  agency  for  a  longer  time 
than  brazil  or  logwood  does.  The  colour  may  be  revived  by  means  of  alkalis,  after  it  has 
been  deftroyed  by  combination  with  acids. 

Vinegar,  lemon  juice  and  tartar  render  this  C9lour  more  brilliant.  They  give  rt  a  fine 
rofe  colour ;  whereas  thefe  acids  entirely  deftroy  the  colours  of  brazil  and  logwood. 

The  fecula  of  the  bark  of  paraguatan  fixes  and  attaches  itfelf  to  wool,  cotton,  and  filk. 
The  colour  is  brighter  on  filk  than  on  yrool,  and  brighter  on  wool  than  on  cotton. 

The  fame  fectila  dried  is  afterwards  foluble  in  alcohol.  It  communicate^  %o  it  a.  tinge 
fimilar  to  that  afforded  by  cochenille.        u        .  •         >     •. 

By  mixing  alum  with  a  very  concentrated  decoftion  of  the  fame  fubftance,  a  kind  of 

f  Tr&nilafed'ffbm  tfato  S^iffli  by  Cit.  Vd^ri,  Annales  de  Chixnte,  XXHl.  320. 
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lac  is  obtainedy  which  is  neither  fo  bright  nor  fo  beautiful  as  is  obtained  from  cochenilie 
by  the  fame  procefii. 

The  fame  decofiion  mixed  with  nut  galls  afforded  me  a  precipitate  of  a  faint  rofe  cd« 
loun  The  infufions  of  brazil  wood  and  logwood  mixed  with  the  infufion  of  galls  aflume 
a  deeper  and  browner  colour.  Ours,  on  the  contrary,  becomes  brighter,  and  afiumes  a 
•pale  tinge  of  the  rofe^  or  fome  other  iimiiar  and  delicate  colour. 

It  muft  be  confcfled  that  the  colour  obtained  from  paraguatan  has  not  the  force  of  that 
of  cochenilie.  But  it  is  fuperior  to  thofe  of  madder,  brazil  wood,  and  log\vood.  For  it 
refids  vinegar,  lemon  juice,  and  tartar.  Soap  itfelf  does  not  deftroy  it  fo  quickly  as  it  docs 
thofe  of  brazil  and  logwood. 

Our  bark  llkewifc  affords  the  advantage,  that,  by  employing  it  in  certain  dofesj  and 
giviag  a  due  preparstioQ  to  filk>  we  may  obtain  various  (hades  of  rofc  and  poppy  colour, 
which  csuixidt  be  h^dby  means  of  cartbamus  but  by  difficult  proceilcs,  long  waihing^,  al* 
kaline  mixtures,  and  other  embarrafling  manipulations. 

By  examination  of  the  external  appearance  of  a  pie^e  of  the  wood  of  paraguatan^ 
it  appears  to  me  to  be  the  fame  tree  which  Francis  Correal  *  fays  he  obferved  in 
the  province  of  Popayan,  not  far  from  Guiana.  The  fame  author  relates,  that  this  tree 
is  different  from  that  of  brazil ;  that  the*  trunk  is  of  the  thicknefs  of  a  man^s  thigh  \ 
that  its  bark  is  filled  with  longitudinal  indentations^  that  tlie  wood  aixl  bark  are  of 
a  fine  red ;  and  tliat  the  Indians  ufe  this  wood  mixed  with  a  red  earth  to  dye  their 
cotton  garments. 

The  colour  obtained  from  paraguatan  does  not  refift  the  a£lion  of  light.  No  colour  can 
withftand  this  teft.  It  is  enough  that  our  colour  withftands  it  longer  than  thofe  of  brazil 
sifid logwood.  I  mvft  not  conceal,  that  thefe  two  trees  afford  the  colouring  matter  in  greater 
abundance  th^n  the  paraguatan. 

'  From  thefb  fa^s  I  confider  the  paraguatan  as  one  of  the  mod  valuable  productions 
which  America  furnilhes  to  Spain.  It  may  be  advantageoufly  employed  in  the  art 
of  dyeing  throughout  Europe.  It  is  to  be  wifhed  that  enquiry  might  be  made  at  Po- 
payan, in  order  that  the  earth  and  the  wood  mentioned  by  Correal  might  be  procured. 
it  is  alfo  defirable  that  the  governor  of  Guiana  fliould  collefl  all  the  information  whic^h 
can  be  procured  refpeding  the  paraguatan,  and  tranfmit  the  fame  to  us  with  other  fatnples 
of  the  wood,  the  leaves  and  the  flowers  of  this  tree,  to  enable  Us  to  determine  its  fpecies. 

The  knowledge  of  this  wood  begins  to  be  extended.  For  I  have  lately  received  a  portion 
of  its  bark,  and.  a  red  matter  which  an  Englifliman,  named  Milnes,  has  obtained  from 
Guiana.  It  is  to  be  prefumed  that  this  matter  is  the  fame  as  is  mentioned  by  Francis 
Cprreal  in  his  trayels.    . 
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SCIENTIFIC   NEWS. 


HE  admlniftration  of  finances  and  contributions  of  the  French  Republic  in  Italy,  har- 
klg  at  its  difpofal  a  great  number  of  the  moft  valuable  pieces  of  fculpture,  painting,  and 
marblesf,  arifing  from  confifcations  made  of  (the  property  of)  the  enemies  of  the  French 

*  Voyage  aux  Indes  Occidentales,  p.  410,  of  the  French  tranflation  printed  in  1722. 
t  MarbrcSi  which  lAuKkcfiaad  todcaOMabltU,  %(ttyp|'ljywiirft»»aAgvty  ^ihtrwork  foiBicd  of  marble.  N. 

Republic^ 
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RepuUie,  being  defirous  of  fpeedily  difpofing  of  all  thefe  mafter- pieces  of  art,  has  charged 
citizen  Hubert  (who  is)  attached  to  the  adminiftration  of  finances  in  quality  of  artiftj  to 
ofi^r  them  for  fale  to  individuals,  or  focieties.  The  lovers  of  the  arts,  academies  of  paint- 
ing, fculpture,  and  the  fciences,  will  have  a  matchlefs  opportunity  of  acquiring  tl^  treii^ 
fures  of  art,  of  which  catalogues  are  in  the  hands  of  the  whole  world,  and  defcriptions  in 
all  the  publications  of  travels  through  Italy. 

It  will  therefore  fufficc  to  offer  for  fale  the  marbles  of  the  famous  Villa  Albani,  the  gat 
leries  of  the  Princes  Albani,  Brafchi,  a^nd  other  monuments,  of  which  a  catalogue  will  be 
pven,  with  eftimates  of  price  made  by  artifts,  upon  which  a  conGderable  abatement  will  be 
allowed.  Bills  (payable)  in  gold  or  fllver  on  neutral  countries,  fuch  as  Florence,  Venice, 
Vienna,  and  even  Switzerland,  will  be  accepted.  Furchafers  belonging  to  nations  at  war 
with  France  will  have  paiTports  for  tranfporting  whatever  they  may  purchafe,  whether  by 
land  or  by  fea,  and  for  embarking  the  fame  at  the  ports  of  Rome  and  Civita  Vecchia.  The 
agents  belonging  to  the  fame  inimical  powers  may,  on  their  approach  to  Italy,  procure  all 
the  neceiTary  paflports  to  come  with  all  fecurity  to  treat  and  choofe  themfelves  the  objects 
which  may  fuit  their  wiflies,  by  addreiling  Citizen  Hubert,  rue  de  la  Cit)ce,  at  Rome* 
Speed  and  ready  money  are  the  beft  means  to  be  ufed  in  this  bufinefs.'    Feb.  28th,  1798. 

The  foregoing  advertifement  was  fent  by  the  therein  mentioned  Hubert  to  Mr.  Trevor^ 

the  Britifli  Minider  at  Turin,  and  by  him  tranfmitted  to  Sir  Richard  Worlley  in  London, 

where  it  arrived  on  the  27th  of  March.    I  obtained  it  of  the  Right  Hon.  Sir  Jofeph  Bankn, 

Bart.     It  is  unneceflary  for  me  to  make  any  comment,  either  political  or  otherwife,  OE  its 

contents.  —n 

Accottnt  rfthe  Smeiy  of  Civil  Erigineers.    [Concluded  from  p.  48.] 

THE  fame  period  gave  rife  alfo  10  an  aSbciation  of  fome  gentlemen  employed  as  abov6« 
mentioned.  They  often  met  accidentally,  prior  to  that  union,  in  the  houfes  of  parliament 
snd  in  courts  of  juAice,  each  maintaining  the  propriety  of  his  own  defigns,  without  know« 
ing  much  of  each  other.  It  was  however  propofed  by  6ne  ^ntleman  to  Mr.  Smeaton, 
that  fuch  a  (late  of  tlie  profeflion,  then  erude  and  in  its  infancy,  was  improper  ;  add  that  it 
Would  be  well  if  (btfie  fort  of  octafional  meeting  in  a  friendly  way  was  to  be  held,  M^tt 
they  might  (hake  hands  tog<^ther  and  be  perfonally  known  to  one  another.  That  \bv^  ttie 
fharp  edges  of  their  minds  might  be  Tubbed  oflF,  as  it  were,  by  a  clofer  comnvunication  of 
ideas,  no  ways  naturally  hoftilevand  might  promote  the  true  end  of  the  public  bufinefs  upon 
which  they  (hould  happ^h  to  Meet  in  the  courfe  of  their  employment,  without  joftling  one 
another  with  rudenefs  too  x:dmmon  hi  the  unworthy  part  of  the  advocates  of  the  law,  wtiofc 
intereft  it  might  be  to  pufli  thtfm  on  perhaps  too  far  in  difcuffing  points  in  conteft. 

Mr.  Smeaton  immediately  perceived  the  utility  of  the  idea,  and  at  once  embraced  it.  In-' 
Manrch  1771,  a  fmail  meeting  was  (irft  eftabli(hed  on  Fridt^y  evenings,  after  the  labours  o^ 
the  day  were  over,  at  the  Queen's  Head  tavern,  Holborti.  And  from  a  few  members  %t 
firft,  it  foon  increafed,  fo  that  in  the  fpacc  of  twenty  years  they  amounted  to  fixty-iive  and 
upwards.  But  of  thefe  there  were  only  about  (ifleen  who  were  real  engineers  employed 
IB  public  works,  or  private  undertakings  of  great  magnitude. 

Among  thefe  we  fin*  the  names  'of  Ycoinsto,  Smeaton,  Grundy^  Milne,  Nif^lls,  J^flbp, 
Golbotne,  WWtworA,  EdWatds,  Jofeph  Meftley,  Major  Watfon,  Bmdton,  Whitehurft, 
Rennte,  Wtftf,  ^ndibifleothers.  The  other  fttcmbers  were  ehhtfr  amwfeiirs,  or  iflgenJows- 
workmen  and  artiftbtts  doftmefled  v^th  and  employed  in  wwks  of  <ftjghieeiilig.  ' 
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This  aflbclation  declared  itfclt  a  fociety,  and  a  rcgifter  was  kept  of  the  names  and  nunl*i 
htx%  of  Its  members.  Converfatlony  argument,  and  a  focial  communication  of  ideas  and 
knowledge  in  the  particular  walks  of  each  member,  were  at  the  fame  time  the  amufement 
and  tlie  buHnefs  of  the  meetings. 

In  this  manner,  fometimes  well  attended,  and  at  other  times  not  fo,  as  the  members  were 
difpcrfcd  all  over  England,  the  fociety  proceeded  until  May  1792,  when  it  ceafed  to  cxift 
by  mutual  confent  of  the  principal  members. 

Some  untoward  circumftanccs  in  the  behaviour  of  one  gentleman  towards  Mr.  Smcaton, 
gave  rife  to  the  difunion.  No  one  was  ever  more  obliged  than  that  gentleman  (who  is  now 
deceafed)  to  Mr.  Smeaton  for  promoting  him  in  bufinefs,  and  many  efreurial  ofliccs  in  life. 
■7'be  offence  given  was  done  away  by  an  apology  at  the  defire  of  the  company,  and  by  the 
good-nature  of  Mr.  Smeaton  ;  but  the  remembrance  of  it  had  an  eftecl  on  all  prefent. 

Afterwards  it  was  conceived  and  intended  to  renew  this  fociety  in  a  bjtter  and  m.ore 
refpeciable  form.  Steps  were  taken  for  that  purpofe,  and  Mr.  Smeaton  agreed  to  be  a 
member.  But  before  the  firft  meeting  could  be  held,  he  was  no  mere.  He  died  the 
>8th  of  Oftobcr  1792,  and  their  firrt  meeting  was  in  April  1793. 

\t  was  conceived  it  would  be  a  better  plan  that  the  members  fliouUl  dine  together  at  a 
late  hour  after  attendance  in  parliament,  and  pafs  the  evening  in  that  fpecies  of  convcr- 
fation  which  provokes  the  communication  of  knowledge  more  readily  and  rapidly  than  it 
can  be  obtained  from  private  fludy  or  books  alone. 

TJie  firft  meeting  of  this  new  inftitution,  The  Society  of  Civil  Etiglneersy  was  held  on  the 
15th  of  April  1793,  by  Mr.  Jellbp,  Mr.  Mylne,  Mr.  Rennic,  and  Mr.  Whit  worth. 

The  conftitution  was  agreed  on,  and  afterwards  acceded  to  by  all.  That  there  fliould 
be  three  -clafles  in  the  fociety.  The  firft  clafs  as  ordinary  members,  to  confift  of  real  en- 
gineers, aQually  employed  as  fuch  in  public  or  in  private  fervicc.  The  fecond  clafs  as 
honorary  members,  to  confift  of  men  of  fcience,  and  gentlemen  of  rank  and  fortune,  who 
had  applied  their  minds  to  fubjefts  of  civil  engineering,  and  who  might,  for  talents  and 
knowledge,  have  been  real  engineers,  if  it  had  been  tkeir  good  fortune  to  have  it  in  their 
power  to  employ  others  in  this  profeflion :  and  alfo  of  thofe  who  are  employed  in  othef 
public  fervice,  where  fuch  and  fimilar  kinds  of  knowledge  are  neceflary.  And  the  third  clafs 
as  honorary  members  alfo,  to  confift  of  various  artifts,  whofe  profeflions  and  employments 
arc  neceflary  and  ufeful  to,  as  well  as  connefted  with,  civil  engineering. 

The  meetings  arc  held  at  the  Crown  and  Anchor  in  the  Strand,  every  other  Friday 
^ring  the  feflion  of  parliament.     And  the  lift  of  members  are:  Of  the 

Firft  clafs.  Ordinary  members.  \\'illiam  Jeflbp,  Robert  Whitworth,  John  Rennie, 
RR5.  Ed.  Robert  Mylne,  F.R.S.  James  Watt,  F.R.S.— L.  and  Ed.  James  Golbome,  Sir 
Thomas  H.  Page,  Knt.  F.R.S.  John  Buncombe,  Captain  Jofeph  Huddart,  F.R.S.  Henry 
Eaftbumc,  William  Chapman,  M.R.I.  A.   James  Cockfhutt. 

Second  clafs.  The  Right  Hon.  Sir  Jofeph  Banks,  Bart.  P.R  S.  Knight  of  the  Order  of 
the  Bath,  &c.  Sir  George  A.  Shuckburgh  Evelyn,  Bart.  F  R.S.  General  Bentham,  Jofeph 
Prieftley,  Efq.  Doftor  Charles  Hutton,  F.R.S.  Henry  Oxendon,  Efq.  The  Right  Hon.  the 
Earl  of  Morton,  F.R.S.  John  Lloydd,  Efq.  F.R.S.  Rt.  Hon.  Ch.  GreviUe,  Efq.  F.R.S. 

Third  clafs.  William  Fadcn,  geographer;  Jeffe  Ramfden,  F.R.S.  inftrument-maker,  &c. 
John  Troughton,  inftrument-maker,  &c.  John  Foulds,  mill-wright,  &c.  Samuel  Phillips, 
engine-maker  5  Samuel  Brooke,  printer  ;  John  Watte,  land-furveyor,  &c. 
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ARTICLE    L 

AhJlroB  of  a  Memoir  on  Camphor  and  the  Campljoric  Acid,  read  to  the  Firft  Clafs  of  the  National 

Injliiute  of  France.    By  BouiLLQN  La  Grange  *. 
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lAMPHOR,  of  which  the  relation,  the  co-exiftencei  and  almoft  the  identity  with  the 
volatile  oils,  have  long  Gnce  fixed  the  attention  of  chemiftsi  has  appeared  to  me  to  deferve 
a  particular  examination.  I  was  defirous  of  confirming  the  difcovery  of  Mr.  Kofegarten 
on  the  property  of  camphor  to  become  converted  into  a  peculiar  acid  by  the  a£Hon  of  ni- 
trous acid.  The  enquiries  to  which  this  undertaking  has  led  me,  have  not  only  confirmed 
his  difcovery,  but  have  likewife  prefented  various  fa£l8  of  immediate  intereft  to  the  vege* 
table  analyfis. 

Camphor  has  long  been  an  obje£t  of  chemical  attention.  Several  chemifts  have  fup- 
pofed  that  it  exifts  in  all  the  aromatic  plants,  particularly  thofe  which  contain  abundance 
bf  volatile  oil ;  but  as  the  camphor  obtained  from  moft  of  thefe  plants  conftantly  retains 
the  odour  of  the  plant  which  afforded  it,  there  is  reafon  to  think,  according  to  the  remark 
of  Ciuzen  Fourcroy,  that  it  is  combined  with  the  volatile  oils  of  thefe  vegetables.  I  hope 
to  clesir  up  this  fa£l  as  foon  as  I  fhall  procure  a  fufficient  quantity  of  recent  volatile  oils  $ 
for  my  experiments  have  (hewn  that  thefe  afibrd  the  greateft  quantity. 

Proud,  who  has  made  experiments  relative  ta.thisobje£l|  has  merely  indicated  a  procefs 

•  Amities  Se  Cfatmie  xxiii.  153. 
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for  obtaining  the  camphor  of  fereral  volatile  oils ;  but  he  has  neither  defcribed  its  cbx« 
rzGi^Xy  nor  (hewn  in  what  refpeCt  it  might  differ  from  ordinary  camphor. 

The  eidperiments  we  are  about  to  defcribe  may  perhaps  hereafter  afford  fome  light  on 
tlie  nature  of  this  fingular  fubftance. 

We  know  that  the  earths,  the  faline  earthy  fubftances^  and  the  alkalis,  have  no  a£lion 
upon  camphor ;  but  as  chemifts  had  hitherto  employed  the  alkalis  in  combination  with 
carbonic  acid,  it  was  effentially  neceffary  to  try  the  zCtion  of  the  pure  alkalis. 

1  (hall  not  here  enlarge  upon  the  various  experiments  I  have  made.     It  will  be  fuiE-. 
cient  to  remark,  that  1  have  obtained  no  fatisfaftory  refult.     The  camphor  is  always  vola*   ' 
^ilized.    Jt  feems  as  if  a  fmall  quantity  was  diflblved  \  but  it  is  fenGble  only  to  the  Ihielly 
for  I  have  not  been  able  to  afcertain  its  prefence  by  any  other  means. 

The  acids  diflblve  camphor.  The  nitric  acid  is  mod  commonly  employed  for  this  pur- 
pofr,  to  form  a  medical  preparation  known  by  the  improper  name  of  oil  of  camphor. 

I  (hall  not  attempt  to  explain  the  inconveniencies  and  injudicious  method  of  preparing 
this  oil.  It  is  known  that  it  is  impoflible  to  ufe  it  in  any  vehicle  whatever  without  rege- 
nerating the  camphor ;  confequently  there  remained  to  medical  praftitioners  no  other 
means  but  of  employing  this  oil  alone,  or  the  camphor  united  to  alcohol.  But  if  we  exa- 
mine the  a^ion  of  this  oil  on  the  animal  economy,  it  will  be  immediately  feen  that  it  can- 
not be  exhibited  alone. 

Thefe  confiderations  engaged  me  in  the  fearch  for  the  means  of  obtaining  camphor  in 
the  fluid  (late,  without  the  addition  of  an  acid.  Though  the  refult  of  my  experiments- 
has  not  been  fuccefsful,  it  will  neverthelefs  be  ufeful  to  fcience  in  fixing  our  notions  re-> 
fyt€dng  the  nature  of  this  fubftance* ... 

SECTION    If, 

Procejfafor  obtaining  the  Decompofiticn  of  Camphor. 

TAKE  one  part  of  camphor  and  fix  of  clay.  Let  the  cby  be  pulverized  in  the  dry  (late,. 
and  fifted  through  a  fine  fieve  \^  on  the  other  hand,  the  camphor  is  to  be  pulverized  by 
meaii6  of  alcohol,  and  the  whole  is  then  to  be  niixed  together  in  a  mortar.  When  the  mix- 
ture is  w£U  flaad^  add  a  (mail  ^uantitjf  of  water,  not  too  much,  but  enough  to  admit  of 
fbnning  the  matter 'into  a  paft^,which  is  to  be  made  into  balls  of  the  dze  of  an  olive. 
Place  thefe  on  a  hair  fieve  to  dry  in  a  ftovc. 

When  the  balls  are  per£e£tly  dry^  let  them  be  introduced  intp  a  retort,  which  is  to  be 
placed  on  a  fnid  bath,  fvith  a  receiver  containing  fpme  didilled  water,  and  well' 
fapicd  at/<l&£  oeck.  In  this  <lifpdfition  of  the  apparatus  the  retort  muft  be  gradually  heated^ 
and  kq>t  if>t  feyeral  hours  in  this  (late,  after  which  the  heat  is  to  be  raifed. 

If  the  heat  be  not  v^Ulmsmaged,  it  (bmetimes  happens  that  part  of  the  camphor  fub- 
lim'es  to  the  neck  of  the  retort.  1  his  however  is  no  reafon  for  difcontinuing  the  procefs^ 
which  muft  be  carried  on  fp  long  as  any  oil  is  feen  to  come  over.  The  fire  is  then  to  be 
put  out  \  and  ^hen  the  apparatus  is  cold^.the  receiver  may  be  unluted,  and  the  fublimed 
camphor,  as  well  as  the  refidue  in  the  retort,  muft  be  taken  out.  The  whole  is  then'  to 
be  pounded  in  a  mortar,  and  the  operation  re^^ommenced  as  before^  until^  even  by  a  con- 
fiderable  degree  of  heat,  neither  fublimation  nor  oil  appears.  ■   :    .      .  ' 
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The  foregoing  operation  may  be  conduced  in  another  manner,  namely  by  reducing  the 
two  fubftanccs  into  a  very  fine  powdcr>  and  introducing  them  into  the  retort. 

This  method,  though  apparently  more  fpeedy,  is  in  fafk  much  lefs  fo  than  the  forego- 
ing 5  for  the  camphor  rifes  with  much  more  facility,  and  the  diftillation  muft  be  oftener 
repeated,  which  renders  the  operation  much  more  tedious. 

Third  Procefs. 

Alumine  is  iikewife  a  medium  which  may  be  ufed  with  advantage. 

The  alumine  is  prepared  by  means  of  ammoniac  ;  and  it  is  afterwards  wa(hed  with  dif- 
tilled  water,  in  order  to  obtain  it  as  pure  as  poffible.     It  is  then  (lightly  dried. 

Take  two  parts  of  alumine,  or  three,  when  it  is  wetted,  to  one  part  of  camphor.  The 
camphor  is  firft  to  be  pulverized,  and  the  alumine  afterwards  added.  The  whole  may  be 
formed  into  a  pafle  with  water,  or  otherwife  the  pulverulent  mixture  is  to  be  introduced 
into  the  retort ;  but  I  prefer  the  firft  method,  as  I  have  already  remarked.  A  receiver 
containing  fome  diftilled  water  is  then  to  be  adjufted.  The  pneumatic  apparatus  may  alfo 
be  adapted.     Diftillation  is  then  to  be  made  by  a  gentle  heat. 

By  either  of  thefe  procefles  a  volatile  oil  of  a  golden  yellow  colour  comes  over  into  the 
receiver,  and  floats  at  the  furface  of  the  water.  We  fliall  proceed  to  defcribe  its  cha- 
rafters. 

The  diftilled  water  placed  in  the  receiver  is  not  only  neceflary  to  prevent  the  lofs  of 
oil,  which  would  attach  itfelf  to  the  interior  furface,  but  Iikewife  to  abforb  a  fmall  portion 
of  camphoric  acid  which  is  formed  during  the  operation.  In  faft  this  water  is  very  aro- 
matic and  penetrating :  it  reddens  the  tinfture  of  tumfol,  and  efFervefces  with  the  alka- 
line carbonates.     The  acid  itfelf,  at  the  end  of  a  certain  time,  cryftallizes  on  the  fides  of 

the  veflel. 

After  the  operation  is  completed,  the  matter  remaining  in  the  retort  is  of  a  very  deep 
black  colour. 

Four  ounces  of  camphor,  or  122,284  grammes,  may  produce 

Volatile  oil  12  gros,  or  45,856  grammes; 
Carbone  8  gros,  or  30,571  grammes; 
Carbonated  hydrogen  gas ;  carbonic  acid  ;  camphoric  acid,  each  in  proportions  which  I 
have  not  been  able  to  determine,  on  account  of  the  volatility  of  the  camphor. 


SECTION    III. 

An  Examination  of  the  Oil  obtained  from  Camphor  in  the  foregoing  Experimefits. 

THE  oils  obtained  by  the  different  procefles  have  no  difference  in  their  qualities. 

This  oil  has  an  acrid  burning  tafte,  arid  leaves  a  perception  of  coolnefs  on  the  tongue. 
Its  fmell  is  aromatic,  refembling  that  of  thyme  or  rofemary.  Its  colour  golden  yellow. 
"When  expofed  to  the  open  air  it  partly  evaporates,  and  there  remains  a  brown  thick  yeU 
low  matter  of  a  very  (harp  tafte,  but  fomewhat  more  bitter,  which  at  length  entirely  eva- 
{>orates. 
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With  the  eauftic  alkalU  it  aiFords  an  homogenous  mixturej  foluble  in  water^  and  whicli 
h;i$  all  the  charaAers  of  foaps  made  with  volatile  oils. 

Alcohol  difiblves  it  entirely  *|  and  if  diftilled  water  be  added  to  the  folutiofi,  the  mixturt 
becomes  milky,  but  affords  no  precipitate. 

When  brought  into  contact  with  the  oxigenated  muriatic  acid,  this  oil  becomes  very 
white,  but  no  precipitate  appears. 

It  therefore  differs  from  that  obtained  by  the  nitric  acid  ^  becaufe,  when  mixed  with 
water,  with  alkalis,  or  with  the  oxigenated  muriatic  acid,  camphor  is  regenerated. 

If  the  muriatic  acid  gas  be  paffed  through  the  oil  of  camphor  prepared  by  the  nitric  acid, 
its  colour  immediately  becomes  of  a  rofe  red,  and  the-  inffant  afterwards  yellow.  This 
lad  colour  does  not  vary  until  towards  the  end  of  the  operation* 

The  oil  itfelf  does  not  acquire  new  properties, 

SECTION    IV. 

Examination  of  the  Matter  found  in  the  Retort* 

THE  matter  which  remains  in  the  retort  after  the  operation,  is,  as  we  have  remarked,  oi 
a  beautiful  black,  and,  when  examined  as  to  quantity,  it  is  found  to  weigh  more  than  the 
sdunnne  alone. 

It  confifts  of  carbone  very  accurately  mixed  with  the  ahimine,  and  accordingly  the  pow* 
der  is  extremely  fine. 

In  order  to  feparate  the  carbone  from  the  alumine,  and  leave  it  in  a  (late  of  purity,  the 
ahimine  muft  be  faturated  with  an  acid.  For  this  purpofe  the  fulphuric  acid  is  to  be  ap- 
plied in  the  diluted  (late.  This  acid  difiblves  the  alumine,  and  leaves  the  carbone  difen* 
gaged,  which  may  be  feparated  and  dried  upon  the  filtre.  The  fulphat  of  alumine  maj 
be  obtained  by  concentrating  the  fluid  in  cryftals,  if  a  fmall  portion  of  alkali  be  added. 

The  intimate  combination  of  the  carbone  with  alumine  led  me  to  fufpeA  that  this  me* 
thod  might  probably  be  advantageous  to  obtain  the  carburet  of  alumine,  a  preparation  hir 
iherto  attempted  without  fuccefs,  and  confequently  unknown  to  chemiils. 

I  therefore  thought  it  neceflary  to  repeat  the  experiment. 

I  took  an  indeterminate  quantity  of  this  kind  of  carburet  of  alumine,  which  I  placed 
under  a  glals  veffel  filled  with  diAilled  water,  which  vefTel  was  inverted  over  another  veflel 
filled  with  water. 

At  the  end  of  a  certain  time  bubbles  of  air  were  difengaged>  which  rofe  to  the  upper 
part  of  the  veflel,  and  gradually  difappeared.  The  water  in  the  veflel  became  deprefled^ 
and  was  replaced  by  two  gafes,  one  of  which  had  all  the  charaders  of  the  carbonic  acid 
gas,  and  the  other  was  infianHnable,  and  proved  to  be  hydrogen. 

This  experiment  confequently  proves,  that  a  fmall  portion  of  the  water  was  decom- 
pofed,  its  oxigen  having  feized  the  carbone,,  and  formed  carbonic  acid,^  while  the  hydrogen 
becarfie  difengaged. 

Notwithftanding  the  accuracy  of  this  experiment,  it  is  infuflUcient  to  prove  that  an  inti- 
mate combination  had  taken  place ;  or,  in  a  word,  that  a  true  carburet  of  alumine  had 
been  formed.    Neverthelefs,  until  experiments  Ihail  have  eftabliflied  the  characters  which 

ought 
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ettgfit  to  didinguifli  an  earthy  carburet,  particularly  that  of  aluminei  I  (hall  apply  this  name 
to  diilinguiQi  the  refult  of  the  new  procru£l  obtained  by  the  decompofition  of  camphor. 

We  cannot  have  any  further  doubt  refpec^ing  the  exiftence  of  carbone  in  camphor ; 
but  we  {hould  render  this  obje£l  much  more  interefting,  if  we  could  prove  our  aflertion  by 
fynthefis.  Vegetables  db  not,  however,  in  all  cafes,  permit  us  to  imitate  Nature  in  her 
procefTes.  It  frequently  happens,  that  the  belt  produ£ts  of  Art  are  but  imperfect:  approxi- 
mations to  natural  compounds* 

I  do  not,  however,  defpair  of  our  forming  camphor  hereafter  by  means  of  a  volatile  oiL 
Various  efTays  on  the  contrary  allow  me  to  aflert  that  it  is  poffible  to  effe£k  thi*« 

A  few  experiments  which  follow  will  render  this  aiTertion  probable. 

SECTION  V. 

Prcceffes  for  carbonizing  a  Volatile  Oil. 

ONE  ounce,  or  30,571  grammes  of  carburet  of  pot-a(h,  or  pot-a(h  fufed  with  charcoal^ 
and  4  ounces,  or  122,284  grammes  of  volatile  oil  of  turpentine,  or  other  volatile  oil,  were 
taken.  Thefe  two  fubdances  were  put  into  a  matrafs,.  and  the  whole  was  macerated  by  a 
gentle  heat.  The  oil  acquired  a  very  deep  black  colour  \  its  fmell  was  changed  and  be- 
came more  aromatic.  If  in  thefe  experiments  the  oil  thus  changed  be  poured  into  di(lil« 
led  water,  the  fluid  becomes  white,,  and  a  precipitate  is  formed.  If  the  liquor  be  left  ia 
centa(3  with  the  atmofpheric  air,  a  few  drops  of  oil  rife  and  float  at  the  furface,  but  the 
liquor  continues  white.  From  a  perfuafion  that  this  combination  had  formed  a  faponule^. 
I  &turated  the  pot-a(h  with  an  acid,  and  no  true  oil  was  feparated,  but  it  remained  fuf- 
pended  iu  the  water,  which  was  become  opaque  and  white. 

As  the  addition  of  pot-alh  rendered  my  experiment  uncertain,  I  repeated  it  in  another 
manner. 

By  the  advice  of  Cit.  Guyton,.  I  pafled  hydrogen  gas  (obtained  by  the  a£lion  of  ful*> 
phuric  acid  upon  zinc)  through  oil  of  turpentine,  into  which  I  had  put  the  powder  o£ 
charcoal.  I  was  careful  to  keep  the  oil  conftantLy  hot,,  in  order  to  promote  the  folution  o£ 
the  coal  by  the  hydrogen  gas. 

In  proportion  as  the  gas  was  difengaged,  the  fluid  becar  e  deeper  coloured  -,  and,  in« 
ftead  of  continuing  limpid,  it  became  yellow,  and  at  laft  brown.  If  the  pneumato-chemi- 
cal  apparatus,  be  adapted  to  the  veflt:l  containing  the  oil,  hydrogen  gas  is  collected  toge- 
ther with  a  fmall  portion  of  carbonic  acid.. 

The  oil  by  this  treatment  has  therefore  taken  up  a  fmall  quantity  of  carbone  and  hydro- 
gen, as  appears  by  tiie  difference  between  it«  properties  and  thofe  of  pure  oil  \  viz.  i  •  It 
is  deeper  coloured :  2.  Its  fmell  is  more  agreeable,  (fuave)  :  3.  And,  when  mixed  with> 
water,  this  fluid  becomes  turbid,  and  the  oil  does  not  feparate  but  by  expofure  to  the  air^ 
which  leaves  the  water  conftantly  opaque. 

It  mud  be  admitted  that  thefe  trials  afibrd  no  fatisfafbory  refult.  But  I  have  no  doubt 
but  that  a  continued  fet  of  experiments  on  this  obje£t  would  afford  decided  conclufionSj  or 
at  leaft  fome  elucidations  of  utility  to  the  progrefs  of  fcience. 

£Tbe  remainder  ia  ow  next,  j 
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Of  a^  Steel. 


AST  Steel  is  produced  by  fufion  of  natural  (leel,  particularly  that  of  cementation. 
The  fluid  ftate  aflumed  by  tlie  metal  in  this  operation  caufes  the  flaws  and  veins  to  difap- 
pear,  and  renders  the  whole  mafs  more  uniform. 

According  to  the  defcription  which  Jars  has  given  us  of  the  manner  in  which  this  ope- 
ration is  performed  at  ShefHeld,  all  kinds  of  fragments  of  broken  fteel  are  ufed.  The  fur- 
nace is  of  the  fame  kind  as  ths^t  of  the  brafs-founder,  but  much  fmaller,  and  fupplied  with 
air  by  a  fubterraneous  communication.  At  the  mouth  of  the  furnace,  which  is  fquare, 
and  level  with  the  earth,  there  is  an  opening  againft  a  wall  where  a  chimney  is  carried  up« 
Thefe  furnaces  contain  only  one  large  crucible  nine  or  ten  inches  high,  and  fix  or  feven  in 
diameter.  The  fteel  is  put  into  the  crucible  with  a  flux,  the  compofltion  of  which  is  kept 
fccret :  and  the  crucible  itfelf  is  placed  on  a  round  brick  (landing  on  the  grate.  Coak  is 
placed  round  the  crucible,  and  the  upper  part  of  the  furnace  is  filled  with  it.  It  is  then 
fet  on  fire  ;  and  the  upper  opening  of  the  furnace  is  entirely  clofed  by  a  covering  formed 
of  bricks,  bound  together  with  iron. 

The  crucible  remains  five  hours  in  the  furnace  before  the  fteel  is  perfeflly  fufed.  Se- 
veral operations  are  afterwards  made.  Moulds  formed  of  two  pieces  of  caft  iron,  which 
fit  .together,  and  form  an  oftagonal  or  fquare  cavity,  are  prepared  for  cafting  the  fteel, 
which  is  afterwards  hammered  out  in  the  fame  manner  as  blifter-fteel,  but  with  lefsheat 
and  more  care,  becaufe  of  the  danger  of  breaking  it. 

Chalut,  officer  of  artillery,  has  made  experiments  on  the  flux  which  is  beft  adapted  for 
making  caft  fteel.  He  is  convinced  that  every  kind  of  glafs  may  be  ufed  as  a  flux,  except 
that  which  contains  lead  or  arfenic. 

The  fteel  being  broken  into  fmall  pieces,  is  to  be  covered  with  the  glafs.  ITic  cover  of 
the  crucible  muft  then  be  put  on,  and  the  heat  urged  to  the  greateft  degree  of  the  brafs- 
founders  furnace. 

It  appears  that  an  extraordinary  hardnefs  is  fometimes  required  to  be  given  to  caft  fteel, 
and  that  this  eflTeft  is  produced  by  mixing  coaly  matter  with  the  flux,  to  faturate  the  fteel,. 
and  give  it  the  highcft  degree  of  hardnefs.  It  is  probable  that  certain  inftrumcnts  are  ma- 
nu£a£tured  by  fome  procefs  of  this  kind  ;  fuch  as  cylinders  and  laminating  rollers,  of  which 
the  hardnefs  is  very  great,  and  the  grain  perfe£lly»uniform  through  the  whole  mafs  : — ^but 
on  this  fubjeft  we  have  nothing  to  offer  but  conjedlures. 

One  of  the  greateft  difficulties  we  find  in  this  country  (France)  in  the  fufion  of  fteel.  Is 
to  procure  good  crucibles.  The  art  of  pottery,  which  is  truly  important  in  every  one  of  its 
parts,  i%  that  which,  of  all  others,  the  moft  ftrongly  folicits  our  induftry. 

6  Con* 
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Concerning  the  peculiar  Properties  of  the  different  Kinds  of  Steeh 

CAST  ft  eel  may  be  confidered  as  the  moft  perfeft  for  all  fuch  inftrumenU  as  require  a 
beautiful  polifh  and  uniform  hardnefs.  It  is  exempt  from  the  flaws^  dull  fpots,  and  veinsiy 
which  are  more  or  lefs  abundant  in  other  fteel.  This  (leel  ought  to  be  chofen  for  fuch  tools 
as  require  to  be  hard  and  well  polifhed;  fuch  as  burnifliers,  watchmakers'  tools,  lancets^, 
razors,  and  ornamental  fteel-work ;  but  it  has  the  inconvenience  of  not  being  welded^  with 
iron,  and  is  brittle.  It  is  more  difficult  to  treat  in  the  fire,  and  is  neceflarily  much  dearer 
than  common  (leel,  becaufe  it  is  obtained  by  fufion  of  that  very  article. 

This  kind  of  fteel  is  highly  valuable  to  the  arts  which  promote  luxury }  but  we  muft  di«' 
re£l  our  attention  to  the  fteel  which  forms  the  hatchet,  the  file,  the  fabre,  and  the  hammer»^ 
of  gun-locks. 

!  Steel  of  cementation  fomctimes  approaches  to  caft  fteel  in'purity,  when  excellent  iron  hae 
been  ufed,  and  particularly  when  rt  has  been  well  forged  ;  but  in  general  it  prefents  fomc 
threads  and  veins,  is  lefs  uniform  in  its  texture,  and  does  not  become  equally  hard.  This 
fteel  may  be  ufed  for  moft  articles  of  cutlery,  edge-tools,  laminating  rollers,  hammers,  fmali 
fprings,  files,  &c.     It  is  not  eafily  welded  to  iron. 

This  fteel  is  not  only  ufed  for  a  great  variety  of  objefts,  but  it  may  be  ufed  in  different 
proportions  in  the  ftuffs  (EcofRst)  which  are  ufed  when  a  material  is  required  which  fhall  be 
kfs  fubjeft  to  break,  as  in  the  fabrication  of  large  fprings,  fcythes,  fabres,  &c. 

The  material  called  ftuff  (Etoffe)  is  a  compound  of  iron  and  fteel,  feveral  plates  of  whicb 
are  forged  and  welded  together,  to  afford  a  fubftance  partaking  of  the  properties  of  botli. 
The  iron  feems  to  give  flexibility  to  the  fteel,  while  this  communicates  its  hardnefs  and 
elafticity  to  the  iron.  It  appears  that  the  art  of  uniting  plates  of  fteel  and  iron,  and  of  con* 
torting  them  together,  is  the  principal  requifite  in  the  perfeAion  of  Damafcus  fteel. 

Natural  fteel  is  much  lefs  uniform  than  the  fteel  of  cementation.  When  it  is  poliihed,. 
its  furface  is  ufually  rendered  unequal  by  fcabrous  places,  flaws  or  veins.  It  is  eafy  to  dif-^ 
cover  veins  of  iron  with  the  point  of  the  graver,  fo  that  it  may  be  confidered  as  a  natural 
compofition  ;  whence  it  is  found,  that  cutting  tools  made  of  this  fteel  are  lefs  fubje£l  lo  fail 
in  the  edge,  and  that  it  bears  heating  a  fccond  time  very  well ;  having,  as  the  workmen  iay, 
more  body,  and  being  more  eafy  to  forge. 

In  general,  according  to  our  eminent  cutler  Perret,  it  is  advifeable  to  ufc  the  Englifli  ce* 
mented  fteel  for  fine  and  delicate  work,  and  fometimes  even  caft  fteel ;  but  for  ftrong  and 
heavy  work,  the  preference  is  to  be  given  to  German  fteel,  which  is  the  natural  fteel,  be-^ 
€aufe  it  has  more  body  and  tenacity. 

Upon  the  whole,  it  appears  to  us  that  the  fteel  of  cementation  is  moft  worthy  of  being 
attended  to  -,  becaufe  it  is  eafy,  at  a  fmall  charge,  to  eftablifti  manufadories  on  a  confined 
icale,  and  with  the  defired  expedition  ;  and  becaufe  this  fteel  may,  without  difficulty,  be 
lafed  in  any  kind  of  work.  Fellow  citizens,  let  us  convey  to  our  forges  thofe  expeofive  ba- 
luftrades  and  railing,  which  have  nothing  to  defend}  and  if  we  find  them  to  poflefs  \kkQ  qfia^ 
iities  of  good  iron,  let  us  convert  them  into  fteel. 

♦  For  the  method  of  welding  caft-fted  to  iron,  fee  PWlaf.  Jour.  L  -575.  Nr 

t  I  Bm  not  aqifainted  with  the  appropriate  EngKfhfenn.  If  •  .     *. 
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The  Method  of  trying  Steel. 

THE  diffisrent  properties  belonging  to  each  kind  of  fteel  render  the  proofs  of  their  quality 
•difficult  even  to  ikilful  workmen.  Caft  fteel  will  be  thought  of  a  very  bad  quality  by  him 
who  is  not  in  the  habit  of  working  it ;  as  will  likewife  the  fteel  of  cementation  by  the 
workman  who  is  commonly  employed  upon  German  fteel.  The  grain  of  the  fracture  is  a 
deceitful  indication,  becaufe  its  finencfs  varies  with  its  hardnefs  ;  neverthelefs  good  fteel 
ought  always  to  exhibit  an  even  grain.  Caft  fteel  ought  to  take  a  good  polifli,  and  not  be 
too  brittle :  fteel  of  cementation  ought  to  afford  gravers  capable  of  refifting  percuffion  with- 
out notching  or  turning  in  the  edge  ;  natural  fteel  ought  to  weld  with  eafe  to  iron,  and 
make  good  edge-tools. 

There  are  circumftances  in  which  it  is  of  advantage  to  afcertain  whether  a  manufa£tured 
article  be  formed  of  fteel  or  iron  without  injuring  it.  The  means  of  doing  this  is  of  the 
more  confequence  to  us,  becaufe  certain  unprincipled  contractors  have  delivered  fabres  with 
blades  of  pure  iron,  to  which  a  flight  degree  of  rigidity  had  been  given  in  the  fabrication  ; 
ft  circumftance  which  has  induced  the  Committee  of  Public  Safety  to  publifli  the  direfiions 
we  (hall  here  tranfcribe,  and  to  oblige  its  agents,  entrufted  with  the  reception  of  every 
kind  of  arms  of  fteel,  to  fubmit  them  to  this  proof. 

^^  If  a  drop  of  nitrous  acid  be  placed  upon  the  furface  of  poliflied  iron,  and,  after  having 
left  it  two  minutes,  water  be  thrown  thereon,  this  laft  fluid  will  carry  ofi^  the  acid  with  all 
Its  contents,  and  there  will  remain  merely  a  white  fpot,  or  the  colour  of  iron  newly 
cleaned. 

'*  If  the  fame  operation  be  made  on  a  plate  of  poliflied  fteel,  the  acid  likewife  feizes  the 
iron,  but  does  not  a£b  on  the  coaly  part.  This  laft  falls  down  during  the  folution,  and 
forms  a  black  fpot,  which  the  projedHon  of  the  water  does  not  remove,  and  which  even  re- 
mains  for  a  confiderable  time,  on  account  of  its  adhefion. 

^*  In  order  to  fucceed  in  this  operation,  a  diluted  acid  muft  be  ufed,  becaufe  the  coaly 
principle  does  not  adhere  to  the  furface,  but  in  proportion  to  the  flownefs  of  the  folution^ 
and  tlie  weaknefs  of  the  eflervefcencc. 

"  If  pure  or  reflified  nitrous  acid  be  not  at  hand,  the  aquafortis  of  commerce  may  be 
ufed,  taking  care  to  dilute  it  in  a  certain  degree. 

**  The  drop  of  acid  muft  be  conveyed  with  a  ftick  of  glafs,  or  other  material,  which  is 
not  itfelf  attacked,  and  cannot  afibrd  any  thing  capable  of  changing  the  refult. 

**  The  fmalleft  drop  fufficcs.  It  ought  rather  to  be  fpread  out,  than  kept  together,  that 
it  may  mark  a  larger  furface.  The  ftopper  of  a  very  fmall  bottle,  in  which  the  acid  is  kept, 
anfwers  this  purpofe  very  well. 

"  After  having  made  this  proof  two  or  three  times  on  iron  and  fteel  compared  with  each 
irfher,  the  operator  will  be  enabled  to  fpeak  with  cerwinty  refpcfting  the  difiercnce  of  the 
metals.** 

Artifts  liave  long  fince  avsdled  themfelves  of  a  method  of  this  kind  to  diftinguifli  Damaf- 
cus  blades.  Thefe  blades,  as  we  have  obferved,  are  compofed  of  the  fteel  and  iron  inti^ 
aately  mixed.  By  thi$  proofs  fays  Perret,  they  prefent  ferpentine  veins,  fome  of  a  whitiih 
f;rey,  others  of  a  deep  grey^  and  otheii  blackifli^  which  are  known  by  the  name  of  the 
JVoyrers  of  Daunalcue. 

We 
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We  have  remarked  that  caft  iron,  fufficicntly  abounding  with  charcoal,  aflumcs  the  ap- 
pearance of  the  white  crude  iron  when  it  is  call  in  plates  or  too  fuddcnly  cooled.  To  af- 
certain  its  nature,  nothing  more  is  neceflary  than  to  clean  its  furface  ;  and  by  the  more  or 
lefs  grey  or  dark  colour  of  the  fpot  produced  by  nitrous  acid,  a  judgment  may  be  formed  of 

its  quality. 

Vandermonde,  Mongf-,  Berthollet. 

Annotaiicns  upon  the  Report  concerning  Steel. 

1.  NoTWTETHSTANDiNG  the  great  light  which  has  been  afforded  by  the  labours  of  Rinman, 
Bergman,  Vauquelin,  and  other  chemifts,  together  with  the  learned  authors  of  the  fore- 
going paper,  we  have  (fill  much  to  learn  refpefting  the  caufes  of  the  feveral  qualities  of 
fteel  to  be  found  in  the  market.  Much  of  this  information  might  probably  be  obtained  by 
diligent  enquiry,  and  the  ufual  methods  of  examination.  It  is  yet  to  be  fliewn  by  cxpeii- 
ment,  whether  pure  iron  united  with  carbon  conftitutes  the  bed  ftcel  ;  or  whether  any  ad- 
ditional ingredient,  fuch  as  phofphorus,  manganefe,  or  other  metallic  matter,  may  not  be  of 
advantage.  If  the  former  pofition  be  true,  tlie  bed  fteel-iron  will  be  that  which  is  the 
pureft;  and  the  bed  cement  will  be  the  fimpleft  coaly  matter.  On  the  contrary,  if  the  latter 
fuppoHtions  (hould  be  well  founded,  the  goodnefs  of  our  fteel  will  depend,  not  only  upon 
the  component  parts  of  the  bar  iron,  but  likewife  on  the  adaptation  of  the  cement  proper 
for  its  converfion.  Mr.  Duhamel,  in  the  Encyclopedic,  article  Acier^  p.  462,  found  that 
the  charcoal  which  had  been  ufed  in  making  fteel  was  not  fit  to  be  ufed  again,  by  reafon  of 
the  flownefs  of  its  operation.  In  this  cafe  it  feems  probable  that,  though  enough  of  car- 
bone  remained,  yet  fome  more  volatile  ingredient  had  been  expended  in  the  firft  procefs. 
Our  authors  have  well  explained  the  advantage  of  the  iron  being  well  forged  and  fouml 
throughout,  previous  to  its  expofure  to  the  cementing  procefs. 

2.  The  grey  crude  iron  may  be  confidered  as  iron  faturated  with  as  much  plumbago  or 
carburet  as  it  can  hold  in  folution  at  a  very  elevated  temperature.  When  it  is  fufFered  to 
cool  flowly,  as  in  foft  rafting,  the  plumbago  appears  to  feparate  by  hafty  cryftallization 
through  the  wliole  mafs,as  may  frequently  be  obferved  in  its  fraclure,  and  as  has  been  (hewn 
by  plunging  a  cold  bar  of  iron  into  the  fufed  metal,  and  withdrawing  it  covered  with  the 
carburet  which  precipitates  upon  it.  When  this  iron  is  poured  into  a  cold  mould  of  me- 
tal, or  fuffered  to  run  to  a  great  diftance  from  the  aperture  of  reception,  in  fand,  or  other- 
wife  if  a  bar  of  this  metal  be  heated  to  whitenefs,  and  plunged  in  water,  it  becomes  very 
h-rd  ;  more  fo  than  fteel  tools  of  any  defcription  are  ufually  made,  and  is  very  white,  and 
cli'fcr  grained  in  its  fraclure.  The  hardnefs  muft  depend  upon  circumftances  in  its  aggre- 
L;auo!i,  to  explain  which  we  poflefs  no  data  ;  but  I  apprehend  the  whitenefs  to  be  an  evi- 
dent coiii'equcnce  of  the  union  between  the  iron  and  the  plumbago  continuing  to  be  nearly 
as  intimate  as  it  was  at  the  white  heat.  It  is  very  probable  that,  in  all  cafes  of  the  hardening 
of  other  ftcels  containing  lefs  carbone,  a  limilar  efleft  may  take  place. 

3.  The  laminating  rollers,  concerning  which  our  authors  oftcr  nothing  but  conjcfture, 
are  made  cf  this  iron  caft  in  fand,  or  metallic  moulds  of  confiderable  thickoefs.  I  am  in- 
fprmed  by  founders  who  make  them,  that  the  external  hard  part  docs  not  penetrate  to  a 
greater  depth  than  about  three  quarters  of  an  inch  ;  and  that  the  hardnefs  is  not  grc;itcr 
than  that  of  a  good  graver,     i  he  procefs  of  turning  them  in  the  lathe,  in  faft,  fticws  this. 
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Fof  they  arc  turned  by  an  extremely  flow  motion,  with  a  tool  fcledcd  from  the  gcncrd 
ilock  In  the  work-fliop,  becaufc  the  greater  number  even  of  good  gravers  will  not  cut  it. 

4.  Thofe  who  forge  fteel  know  that  it  is  very  cifily  degraded  in  the  fire.  If  a  fmall- 
piece,  for  example,  half  a  cubic  inch,  of  grey  crude  iron  be  put  into  a  common  fire,  and 
kept  red-hot  for  about  half  an  hour,  and  at  the  expiration  of  that  time  the  heat  be  fnddcn- 
ly  raifed  to  whitenefs  by  the  bellows  ;  the  internal  or  flecly  part  will  break  its  way  through 
the  external  cruft,  which  is  converted  into  common  iron,  and  rendered  much  Icfs  fufible. 
This  cruft,  or  hollow  (hell,  may  then  be  taken  cut  of  the  fire.  All  fteel  becomes  degraded- 
lu  the  fame  manner,  even  by  very  careful  heating.  Caft-ftcd,  drawn  into  fmall  bars,  ex- 
liibits  cloudy  lines  and  veins  on  its  furface  when  tried  by  an  acid,  which  no  doubt  have  been 
produced  during  the  heating  and  forging. 

5.  Caft-fteel  being  made  out  of  broken  tools  of  every  kind,  cannot  of  itfelf  pofTefs  a  larger 
dofe  of  plumbago  than  the  atcragc  quantity  contained  in  thofe  ftecls.  But  the  Englifli  caft- 
fteel  is  more  fufible  and  more  tender  under  the  hammer  tlian  German  fteel,  or  tlie  fteel  of 
cementation  ;  which  circumftances  appear  to  indicate  that  it  contains  more  plumbago :  and 
the  truth  of  this  induction  is  confirmed  by  its  exhibiting  a  much  darker  fpot  than  other 
fteels,  when  tried  by  an  acid.  Chalut  did  not  therefore  make  this  kkid  of  fteel  when  he 
ufedglafs  only  for  his  flux.  It  cannot  be  doubted  but  that  the  flux  of  our  manufa£burers< 
muft  contain  charcoal,  at  leaft.  If  it  be  animal  coal,  which  is  moft  probable,  it  will  alfo  con* 
tain  phofphorus  \  an  ingredient  to  whkh  the  fuperiority  of  this  coal,  in  cafe-hardening,  is* 
probably  owing. 

6.  Tenacity  and  hardnefs  are  very  frequently  confidered  as  if  they  were  one  and  tbc^ 
fame  quality  with  regard  to  implements  and  cools,  though  they  are  certainly  very  diftin£fc 
properties.  Tenacity  is  the  oppofite  to  friability  or  brittlenefs ;  hardnefs  is  the  oppofite 
to  foftnefs.  It  is  probable  that  iron  is  more  tenacious  than  fteel,  and  it  is  certain  that  foff 
fteel  is  more  tenacious  than  hard.  Where  tenacity  and  no  confiderable  degree  of  hardnefis- 
are  wanting,  as  in  fprings,  the  inferior  fteels,  or  the  compounds  of  fteel  and  iron,  will  aflFord 
a  more  fafe,  and  confequently  in  many  inftances  more  ufcful  article  ;  but  where  hardnefs 
and  tenacity  are  both  required,  the  leading  quality  of  the  fteel  muft  be  its  uniformity;  Call 
fteel  is  preferred  in  England  to  every  other  kind,  not  only  for  poliftied  fteeUwork  and  the* 
beft  cutting  tools,  but  likewife  for  cold  chifels,  and  the  hard  gravers  for  turners  in  metal  ; 
in  both  which  laft  I  have  obferved,  by  confiderable  experience,  that  the  common  opinion  ig^ 
well  founded. 


m. 

An  Enquiry  concerning  the  Source  of  the  Heat  which  is  excited  by  Fr!3ion*.     By  BENJAMIN^ 

Count  of  RuMFOJRDy  F.R.S.  M.R.LA. 
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T  frequently  happens  that,  in  the  ordinary  aflfairs  and  occupations  of  life,  opportunities 
prefent  themfelves  of  contemplating  fome  of  the  moft  curious  operations  of  nature  ;  and 

•  From  the  Philofophical  Tranfaftions,  179S.— Read  Janu-ary  25,  179-8. 
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Tcry  intcrelling  philofophical  experiments  might  often  be  made,  almofl;  without  trouble  or 
expence,  by  means  of  machinery  contrived  for  the  mere  mechanical  purpofcs  of  the  arts  and 
manufactures. 

I  have  frequently  had  occafion  to  make  this  obfer\'ation ;  and  am  pcrfuaded,  that  a  habit 
of  keeping  the  eyes  open  to  every  thing  that  is  going  on  in  the  ordinary  courfe  of  the  bufi- 
ncfs  of  life,  has  oftener  led,  as  it  ^^ere  by  accident,  or,  in  the  playful  excurfions  of  the  ima- 
gination put  into  aftion  by  contemplating  the  moft  common  appearances,  to  ufeful  doubts 
and  ferviceablc  fchemes  for  inveftigation  and  improvement,  than  all  the  more  intenfe  me- 
tlitations  of  philofophers  in  the  hours  exprefsly  fct  apart  for  ftudy^ 

It  was  by  accident  that  I  was  led  to  make  the  experiments  of  which  I  am  about  to  give 
an  account ;  and  though  they  are  not,  perhaps,  of  fuflicient  importance  to  merit  fo  formal 
an  introduftion,  I  cannot  help  flattering  myfelf  that  they  will  be  thought  curious  in  fcveral 
Tefpefts,  and  worthy  of  the  honour  of  being  made  known  to  the  Royal  Society. 

Being  engaged,  lately,  in  fuperintending  the  boring  of*  cannon  in  the  workfhops  of  the 
military  arfenal  at  Munich,  I  was  ftruck  with  the  very  confiderable  degree  of  heat  which  a 
brafs  gun  acquires  in  a  fliort  time  in  being  bored,  and  with  the  more  intenfe  heat  (much 
greater  than  that  of  boiling  water,  as  I  found  by  experiment)  of  the  metallic  chips  feparated 
from  it  by  the  borer. 

The  more  I  meditated  on  tliefe  phenomena,  the  more  they  appeared  to  me  to  be  curious 
and  interefting.  A  thorough  inveftigation  of  them  feemed  even  to  bid  fair  to  give  a  farther 
infight  into  the  hidden  nature  of  heat ;  and  to  enable  us  to  form  fom.c  reafonable  conjedturet 
refpeding  the  cxiftencc  or  non-exiftence  of  an  igneous  Jluid :  a  fubjeft  on  which  the  opinions 
of  philofophers  have  in  all  ages  been  much  divided. 

In  order  that  the  Society  may  have  clear  and  diftinfl  ideas  of  the  fpeculations  and  reafon- 
ings  to  which  thefe  appearances  gave  rife  in  my  mind,  and  alfo  of  the  fptcific  objects  of 
philofophical  inveftigation  they  fuggeftcd  to  me,  I  muft  beg  leave  to  ftate  them  at  fome 
length,  and  in  fuch  manner  as  I  (hall  think  beft  fuited  to  anfwer  this  purpofe. 

From  ivhence  comes  the  heat  adually  produced  in  the  mechanical  operation  above  men- 
tioned ? 

Is  it  furniftied  by  the  metallic  chips,  which  arc  feparated  by  the  borer  from  the  folid 
mafs  of  metal  ? 

If  tliis  were  the  cafe,  then,  according  to  the  modem  doflrinesof  latent  heat  and  of  calo- 
ric, the  capacity  for  beat  of  the  parts  of  the  metal  fo  reduced  to  chips,  ought  not  only  to  be 
changed,  but  the  change  undergone  by  them  (hould  be  fufEciently  great  to  account  for  all 
the  heat  produced. 

But  no  fuch  change  had  taken  place ;  for  I  found,  upon  taking  equal  quantities  by 
weight  of  thefe  chips,  and  of  thin  flips  of  the  fame  block  of  metal,  feparated  by  means  of 
a  line  faw,  and  putting  them  at  the  fame  temperature  (that  of  boiling  water)  into  equal 
quantities  of  cold  water  (that  is  to  fay,  at  the  temperature  of  59i^  F. ),  the  portion  of  water 
into  which  the  chips  were  put  was  not,  to  all  appearance,  heated  either  Icfs  or  more  than 
the  other  portion  into  which  the  flips  of  metal  were  put. 

7*]iis  experiment  being  repcatod  fevcral  times,  the  refults  were  always  fo  nearly  the  fame^ 
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that  I  could  not  determine  whether  any,  or  what  change  had  been  produced  hi  the  mctaf, 
in  regard  to  its  capacity  for  heat^  by  being  reduced  to  chips  by  the  borer*. 

From  hence  it  is  evident,  that  the  heat  produced  could  not  poflibly  have  been  furnidicd 
at  the  expcncc  of  the  lament  heat  of  the  metallic  chips.  But,  not  being  willing  to  reil  facif- 
ficd  with  thefc  trials,  however  conclufive  they  appeared  to  me  to  be,  I  had  rccourfc  to  the 
following  dill  more  decifive  experiment. 

Taking  a  cannon  (a  brafs  fix  pounder)  caft  folid,  and  rough  as  it  came  from  the  fonn- 
dry,  (fee  fig.  i,  plate  V)  and  fixing  it  (horizontally)  in  the  machine  ufed  for  boring,  and  at 
the  fame  time  finifliing  the  outfide  of  the  cannon  by  turning,  (fee  fig.  2.)  I  caufed  its  ex- 
tremity to  be  cut  off,  and,  by  turnmg  down  the  metal  in  that  part,  a  folid  cylinder  was 
formed,  7  J-  inches  in  diameter,  and  9t\  inches  long ;  which,  when  finiflied,  remained  joined 
to  the  red  of  the  metal  (that  which,  properly  fpeaking,  conftituted  the  cannon,)  by  a  fmall 
cylindrical  neck,  only  2}  inches  in  diameter,  and  3-rc  inches  long. 

This  fliort  cylinder,  which  was  fupported  in  its  horizontal  pofition,  and  turned  round  its 
axis,  by  means  of  the  neck  by  which  it  remained  united  to  the  cannon,  was  now  bored  with 
the  horizontal  borer  ufed  in  boring  cannon-,  but  its  bore,  which  was  3.7  inches  in  diameter^ 
inftead  of  being  continued  through  its  whole  length,  (9.8  inches)  was  only  7.2  inches  in 
length ;  fo  that  a  folid  bottom  was  left  to  this  hollow  cylinder,  which  bottom  was  2.6 
inches  in  thicknefs. 

This  cavity  is  reprcfented  by  dotted  lines  in  fig.  2  \  as  alfo  in  fig.  3,  where  the  cylinder  Is 
reprefented  on  an  enlarged  fcale. 

This  cylinder  being  defigned  for  the  exprefs  purpofe  of  generating  heat  by  friflion,  by 
having  a  blunt  borer  forced  againft  its  folid  bottom  at  the  fame  time  that  it  fhould  be  turned 
round  its  axis  by  the  force  of  horfes,  in  order  that  the  heat  accumulated  in  the  cylinder 
might  from  time  to  time  be  meafured>  a  fmall  round  hole,  (fee  d,  e,  fig.  3.)  0.37  of  an  inch 
only  in  diameter,  and  4.2  inches  in  depth,  for  the  purpofe  of  introducing  a  fmall  cylindrical 
mercurial  thermometer,  was  made  in  it,  on  one  fide,  in  a  diredlion  perpendicular  to  the  axis 
of  the  cylinder,  and  ending  in  the  middle  of  the  folid  part  of  the  metal  which  formed  the 
bottom  of  its  bore. 

♦  As  ihefc  experiments  are  importint,  it  may,  perhaps,  be  agreeable  to  the  Society  to  be  made  acquainted 
witli  them  in  their  details.    One  of  them  was  as  follows  : 

To  4590  grains  of  water,  at  the  temperature  of  59  Jo  F.  (an  allowance  or  compenfation,  reckoned  in  water, 
for  the  capacity  for  heat  of  the  containing  cyfindricai  tin  veffel,  being  included)  were  added  1016J  grains  of 
gun-metal  in  thin  flips,  fcparated  from  the  gun  by  means  of  a  fine  faw,  being  et  the  temperature  of  2ico  F. 
When  they  had  remained  together  i  minute,  and  had  been  well  ttirred  about  by  means  of  a' fmall  rod  of  light 
wood,  the  heat  of  the  mixture  wan  found  to  be  =.  63^. 

From  this  experiment,  the  fpccific  beat  of  the  metal,  calculated  according  to  the  rule  given  by  Dr.  Crawford^ 
turns  out  to  be  =  o.iioo,  that  of  water  being  =  i.ooo. 

An  experiment  was  aftenvards  made  with  the  metallic  chips,  as  follows : 

To  the  fame  quantity  of  water  as  was  ufed  in  the  experiment  above  mentioned,  at  the  fame  temperature, 
(viz.  59J0,)  and  in  the  fame  cylindrical  tin  veffel,  were  now  put  ioi6j  grains  of  metallic  chips  of  gun-meul, 
bored  out  of  the  fame  gun  from  which  the  flips  ufed  in  the  foregoing  experiment  were  taken,  and  at  the  fame 
temperature  (210°.)  The  heat  of  the  mixture,  at  tkc  end  of  i  minute,  was  juft  63°,  as  before  j  confcquently 
the  fpecific  heat  of  thcfe  metallic  chips  was  =  o.noo.  Each  of  lHc  above  experiments  was  repeated  three 
limes,  and  always  with  nearly  the  fame  refults. 

«  The 
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The  folid  contents  of  this  hollow  cylinder,  exclufive  of  the  cylindrical  neck  by  which  it 
remained  united  to  the  cannon,  were  385  J  cubic  inches,  Etiglifh  meafure,  and  it  weighed 
113.13  lb.  avoirdupois,  as  I  found  on  weighing  it  at  the  end  of  the  courfe  of  experiments 
made  with  it,  and  after  it  had  been  fcparated  from  the  cannon  with  which,  during  the 
experiments,  it  remained  conncded  *. 

Experiment  No.  I. 

THIS  experiment  was  made  in  order  to  afcertain  how  much  heat  was  aftually  gene- 
rated by  friftion,  when  a  blunt  (leel  borer  being  fo  forcibly  (hoved  (by  means  of  a  ftrong 
fcrew)  againft  the  bottom  of  the  bore  of  the  cylinder,  that  the  prcflure  againft  it  was  equal 
to  the  weight  of  about  10,000  lb.  avoirdupois,  the  cylinder  was  turned  round  on  its  axis 
(by  the  force  of  horfes)  at  the  rate  of  about  32  times  in  a  minute. 

This  machinery,  as  it  was  put  together  for  the  experiment,  is  reprefented  by  fig.  2. 
W  is  a  ftrong  horizontal  iron  bar  conne£led  with  proper  machinery  carried  round  by 
horfes,  by  means  of  which  the  cannon  was  made  to  turn  round  its  axis. 

To  prevent,  as  far  as  poffible,  the  lofs  of  any  part  of  the  heat  that  was  generated  in  the 
experiment,  the  cylinder  was  well  covered  up  with  a  fit  coating  of  thick  and  warm  flannel, 
which  was  carefully  wrapped  round  it,  and  defended  it  on  every  fide  fiom  the  cold  air  of 
the  atmofphere.  This  covering  is  not  reprefented  in  the  drawing  of  the  apparatus, 
fig.  2.  ^ 

I  ought  to  mention,  that  the  borer  was  a  flat  piece  of  hardened  fteel,  0.63  of  an  inch 
thick,  4  inches  long,  and  nearly  as  wide  as  the  cavity  of  the  bore  of  the  cylinder,  namely, 
3y  inches.  Its  corners  were  rounded  ofi^  at  its  end,  fo  as  to  make  it  fit  the  hollow  bottom 
of  the  bore  ;  and  it  was  firmly  faftened  to  the  iron  bar  (m),  which  kept  it  in  its  place.  The 
area  of  the  furface,  by  which  Its  end  was  in  conta£l  with  the  bottom  of  the  bore  of  the 
cylinder,  was  nearly  2y  inches.  This  borer,  which  is  diftinguifhed  by -the  letter  n,  is  re- 
prefented in  moft  of  the  figures. 

At  the  beginning  of  the  experiment,  the  temperature  of  the  air  in  the  fliade,  as  alfo 
that  of  the  cylinder,  was  juft  60°  F. 

At  the  end  of  30  minutes,  when  the  cylinder  had  made  960  revolutions  about  its  axis, 
the  horfes  being  ftopped,  a  cylindrical  mercurial  thermometer,  whofe  bulb  was  -^-^  of  an 
inch  in  diameter,  and  3^  inches  in  length,  was  introduced  into  the  hole  made  to  receive 
it,  in  the  fide  of  the  cylinder ;  when  the  mercury  rofe  inftantly  to  I30*. 

Though  the  heat  could  not  be  fuppofed  to  be  quite  equally  diftributed  in  every  part  of 
the  cylinder,  yet,  as  the  length  of  the  bulb  of  the  thermometer  was  fuch  that  it  extended 

•  For  fear  I  flrould  be  fufpcflcd  of  prodigality  Id  the  profccution  of  my  philofophical  rcftarchcs,  I  think  it 
jieceflary  to  inform  the  Society,  that  the  cannon  I  made  ufc  of  in  this  experiment  was  not  f^criSccd'to  it. 
The  ihort  hollow  cylinder  which  was  formed  at  the  end  of  it,  was  turned  out  of  a  cylindrical  mafs  of  metal 
about  two  feet  in  length,  projecting  bcypnd  the  muzzle  of  the  gun,  called  in  the  German  language  the  ver- 
bmer  kopf,  (the  head  of  the  cannon  to  be  thrown  away,)  and  which  is  re;^rcfentcd  in  fig.  i. 

This  additional  projection,  which  is  cut  off  before  the  gun  is  bored,  is  always  caft  with  it,  in  order  that,  by 
means  of  the  prcffure  of  its  weight  on  the  metal  in  the  lower  part  of  the  mould,  during  the  time  it  is  cooling, 
the  gun  may  be  the  morecompa£t  in  the  neighbourhood  of  the  muzzle,  where,  without  this  precaution,  the 
metal  would  be  apt  to  be  porous  or  full  of  honeycombs* 

from 
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from  the  axis  of  the  cylinder  to  near  its  furfacct  the  heat  indicated  by  it  could  not  be  very 
diflcrciit  from  that  of  the  mean  temperature  of  the  cylinder  ;  and  it  was  on  this  account 
that  a  thermometer  of  that  particular  form  was  chofcn  for  this  experiment. 

To  fee  how  fad  the  heat  efcaped  out  of  the  cylinder,  (in  order  to  be  able  to  make  % 
probable  conje£lurc  rcfpe£ting  the  quantity  given  off  by  it  during  the  time  the  heat  gene* 
rated  by  the  friclion  was  accumulating,)  the  machinery  Handing  flill,  I  fuffered  the  ther- 
mometer to  remain  in  its  place  near  three  quarters  of  an  hour,  obfcrving  and  noting  dowo^ 
at  fmall  intervals  of  time,  the  height  of  the  temperature  indicated  by  it.     Thus^ 

At  the  end  of  4  minutes,  the  heat,  as  fliown  by  the  thermometer,  was 
After  5  minutes,  always  reckoning  from  the  firft  obfervation, 
At  the  end  of  7  minutes,  —  — .  — 
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And  when  41  minutes  had  elapfed  —  — 

Having  taken  away  the  borer,  I  now  removed  the  metallig  duft,  or  rather  fcaly  matter, 
which  had  been  detached  from  the  bottom  of  the  cylinder  by  the  blunt  fteel  borer,  in  this 
experiment,  and,  having  carefully  weighed  it,  I  found  its  weight  to  be  837  grains  Troy. 

.  Is  it  poflible  that  the  very  confiderable  quantity  of  heat  that  was  produced  in  this  expe- 
riment (a  quantity  which  aftually  raifed  the  temperature  of  above  1 1 3  lb.  of  gun-metal  at 
lead  70  degrees  of  Fahrenheit's  thermometer,  and  which,  of  courfe,  would  have  been  ca- 
pable of  melting  6['  lb.  of  ice,  or  of  caufing  near  5  lb.  of  ice-cold  water  to  boil,}  could 
have  been  ftimifhed  by  fo  inconfiderable  a  quantity  of  metallic  duft^  and  this  merely  in 
confequence  of  a  change  of  its  capacity  for  heat  ? 

As  the  weight  of  this  duft  (837  grains  Troy)  amounted  to  no  more  than  ^^th  part  of 
that  of  the  cylinder,  it  muft  have  given  off  948  degrees  to  raife  the  temperature  of  the 
cylinder  1  degree ;  and  confequently  it  nuift  have  given  off  66360  degrees  of  heat  to  have 
produced  that  of  the  experiment ! 

But,  without  infilling  on  the  improbability  of  this  fuppofition,  we  have  only  to  recolIe£l:, 
that  from  the  refults  of  a£lual  and  decifive  experiments,  made  for  the  exprcfs  purpofe  of 
afcertaining  that  fa£l,  the  capacity  for  heat,  of  the  metal  of  which  great  guns  are  cail,  is 
not  fcnfibly  changed  by  being  reduced  to  the  form  of  metallic  chips,  in  the  operation  of 
boring  cannon ;  and  there  does  not  feem  to  be  any  reafon  to  think  that  it  can  be  much 
changed,  if  it  be  changed  at  all,  in  being  reduced  to  much  fmallcr  pieces  by  means  of  a 
Jborer  that  is  lefs  fharp. 

c  If 
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If  the  Iicat,  or  any  confiderable  part  of  it,  were  produced  in  confequ^nce  of  a  change 
m  the  capacity  for  heat  of  a  part  of  the  metal  of  the  cylfndcr,  as  fuch  change  could  only 
be  fiiperficial,  the  cylinder  would  by  degrees  be  exhaufted,  or  the  quantities  of  heat  pro- 
duced,  in  any  given  fliort  fpace  of  time,  would  be  found  to  diminifh  gradually  in  fucccf- 
five  experiments.  To  find  out  if  this  really  happened  or  not,  I  repeated  the  lad-men- 
tioned experiment  feveral  times  with  the  utmoft  care  \  but  I  did  not  difcover  the  fmalleft 
fign  of  exhauftion  in  the  metal,  notwithftanding  the  large  quantities  of  heat  a£^ually  given 
off. 

Finding  fo  much  rcafon  to  conclude,  that  the  heat  generated  in  thefe  experiments,  or 

excited,  as  I  would  rather  choofe  to  exprefs  it,  was  not  furniflied  at  the  expence  of  the 

latent  heat  or  combined  caloric  of  the  metal,  I  puQied  my  enquiries  a  ftep  farther,  and  en* 

deavoured  to  find  out  whether  tlie  air  did  or  did  not  contribute  aivy  thing  in  the  genera-- 

tion  of  it. 

E Xpert  wetit  No.  2. 

AS  the  bore  of  the  cylinder  was  cylindrical,  and  as  the  iron  bar  (m),  to  the  end  of 
which  the  blunt  fteel  borer  was  fixed,  was  fquare,  the  air  had  free  accefs  to  jthe  infide  of 
the  bore,  and  even  to  the  bottom  of  it  where  the  friction  took  place  by  which  the  heat 
was  excited. 

As  neither  the  metallic  chips  produced  in  the  ordinary  courfe  of  the  operation  of  bor- 
ing brafs  cannon,  nor  the  finer  fcaly  particles  produced  in  the  laft-mentioned  experiments 
by  the  friftion  of  the  blunt  borer,  (howed  any  figns  of  calcination,  I  did  not  fee  how  the 
air  could  poffibly  have  been  the  caufe  of  the  heat  that  was  produced ;  but,  in  an  invefli- 
gation  of  this  kind,  I  thought  that  no  pains  fliould  be  fpared  to  clear  away  the  rubbifli|. 
and  leave  the  fubje£t  as  naked  and  open  to  infpc£lion  as  pofTible. 

In  order  by  one  decifive  experiment  to  determine  whether  the  air  of  the  atmofphere  had 
any  part  or  not  in  the  generation  of  the  heat,  I  contrived  to  repeat  the  experiment  under 
circumftances  in  which  //  was  evidently  impojjible  for  it  to  produce  any  effe5l  whatever.  By 
means  of  a  pifton  exaftly  fitted  lo  the  mouth  of  the  bore  of  the  cylinder,  through  the 
middle  of  which  pifton  the  fquare  iron  bar,  to  the  end  of  which  the  blunt  fteel  borer  was 
fixed,  pafled  in  a  fquare  hole  made  perfcdlly  air-tight,  the  accefs  of  the  external  air  to  the 
itiGde  of  the  bore  of  the  cylinder  was  effeftually  prevented.  In  fig.  3.  this  pifton  [p)  is 
feen  in  its  place  :  it  is  like  wife  ihown  in  fig.  7.  and  8. 

1  did  not  find,  however,  by  this  experiment,  that  the  exclufion  of  the  air  diminiflied  in 
the  fmalleft  degree  the  quantity  of  heat  excited  by  the  fri£lion. 

There  flill  remained  one  doubt,  which,  though  it  appeared  to  me  to  be  fo  flight  as 
hardly  to  dcferve  any  attention,  I  was  however  defirous  to  remove.  The  pifton  which 
clofed  the  mouth  of  the  bore  of  the  cylinder,  in  order  that  it  might  be  air-tight,  was  fitted 
into  it  with  fo  much  nicety  by  means  of  collars  of  leather,  and  prcfled  againft  it  with  fo- 
much  force,  that,  notwithftanding  its  being  oiled,  it  occafioned  a  confiderable  degree  of 
friftion  when  the  hollow  cylinder  was  turned  round  its  axis.  Was  not  the  heat  produced, 
or  at  leaft  fomc  part  of  it  occafioned,  by  the  friftion  of  the  pifton  ?  And  as  the  external  air 
had  free  accefs  to  the  extremity  of  the  bore  w'here  it  came  in  contaft  with  the  pifton,  is 
it  not  poflible  that  this  air  might  have  had  fome  fliare  ia  the  generation  of  the  heat  pro- 
duced ? 

Experiment 
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Experiment  No,  3. 

A  QUADRAWGULAR  oWong  dcal-box,  (fee  fig.  4.)  water-tight,  u.^  Er.glifli  Inches  bug,  ' 
9/y  inches  wide,  and  9,%  inches  deep,  (raeafured  in  the  clear,)  being  provided,  with  holes 
or  fliu  in  the  middle  of  each  of  its  ends  juft  large  enough  to  receive  the  one,  the  fquare 
iron  rod  to  the  end  of  which  the  blunt  fteel  borer  was  faftened,  the  other,  the  fin  all  cylin- 
drical neck  which  joined  the  hollow  cylinder  to  the  cannon;  when  this  box  (which  was 
occafionally  clofed  above  by  a  wooden  cover  or  lid  moving  on  hinges)  was  put  into  its 
place  ',  that  is  to  fay,  when  by  means  of  the  tyvo  vertical  openings  or  flits  in  its  two  ends, 
(the  upper  parts  of  which  openings  were  occafionally  clofed  by  means  of  narrow  pieces  of 
wood  Aiding  in  vertical  grooves,)  the  box  fg^  h^  /,  h^  fig.  3.)  was  fixed  to  the  machinery  in 
fuch  a  manner  that  itstottom  (i^  i,)  being  in  the  plane  of  the  horizon,  its  axis  coincided 
with  the  axis  of  the  hollow  metallic  cylinder  5  it  is  evident  from  the  defcription,  that  the 
hollow  metallic  cylinder  would  occupy  the  middle  of  the  box  without  touching  it  on 
citheir  fide,  (as  it  is  reprefcnted  in  fig.  3.)  and  that  on  pouring  water  into  the  box  and  fill- 
ing  it  to  the  brim,  the  cylinder  would  be  completely  covered  and  furroundcd  on  every  fide 
by  that  fluid.  And  farther,  as  the  box  was  held  faft  by  the  ftrong  fquare  iron  rod  {tfi)^ 
•whic.h  pafled  in  a  fquare  hole  in  the  centre  of  one  of  its  ends,  {a,  fig.  4.)  while  the  round 
or  cylindrical  neck,  which  joined  the  hollow  cylinder  to  the  end  of  the  caimon,  could 
turn  round  freely  on  its  axis  in  the  round  hole  in  the  centre  of  the  other  end  of  it,  it  Is 
evident  that  the  machinery  could  be  put  in  motion  without  the  lead  danger  of  forcing  the 
box  out  of  its  place,  throwing  the  water  out  of  it,  or  deranging  any  part  of  the  apparatus. 

Every  thing  being  ready,  I  proceeded  tomake  the  experiment  I  had  projeded  in  the  fol- 
lowing manner: 

The  hollow  cylinder  having  been  previoufly  cleaned  out,  and  the  infideof  its  bore  wiped 
with  a  clean  towel  till  it  was  quite  dry,  the  fquare  iron  bar,  with  the  blunt  fteel-borer  fixed 
to  the  end  of  it,  was  put  into  its  place  ;  the  mouth  of  the  bore  of  the  cylinder  being  clofed 
at  the  fame  time  by  means  of  the  circular  pifton,  through  the  centre  of  which  the  iron  bar 
paSed. 

This  being  done,  the  box  was  put  in  its  place  ;  and  the  joinings  of  the  iron  rod  and  of 
the  neck  of  the  cylinder,  with  the  two  ends  of  the  box,  having  been  made  water-tight  by 
means  of  collars  of  oiled  leather,  the  box  was  fiilled  with  cold  water,  (viz.  at  the  tempera- 
ture of  60**)  and  the  machine  was  put  in  motion. 

The  refult  of  this  beautiful  experiment  was  very  ftriking,  and  the  pleafure  it  aflTordcd 
me  amply  repaid  me  for  all  the  trouble  1  had  had  in  contriving  and  managing  the  compli- 
cated machinery  ufed  in  making  it. 

The  cylinder,  revolving  at  the  rate  of  about  32  times  in  a  minute,  had  been  in  motion 
hut  a  (hort  time,  when  I  perceived,  by  putting  my  hand  into  the  water  and  touching  the 
outfide  of  the  cylinder,  that  heat  had  been  generated  ;  and  it  was  not  long  before  the 
water  which  furroundcd  the  cylinder  began  to  be  fcnfibly  warm. 

At  the  end  of  one  hour  I  found,  by  plunging  a  thermometer  into  the  water  in  the  box, 
Xthc  (jiiantity  of  which  fluid  amounted  to  18.77  ^^'  avoirdupois,  or  2 -^  wine  gallons,)  thaJt 
its  temperature  had  been  raifcd  nojcfs  than  47  degrees,  being  now  ic;®  of  Fahrenhcit*8 
/die. 

^  When 
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Wlien  30  minutes  more  had  dapfedi  or  i  iiour  and  30  minutes  afttr  the  machinery  had 
been  put  in  motioni  the  heat  of  the  water  in  the  box  was  found  to  be  raifed  to  i78'>. 
At  2  hours  20  minutes,  it  was  at  200'')  and  at  a  hours  30  minutes  it  actually 

BOILED. 

It  would  be  difficult  to  defcribe  the  furprife  and  aftonilhment  exprefled  in  the  counte- 
nances of  the  byftanders,  on  feeing  fo  large  a  quantity  of  cold  water  heated^  and  aAually 
made  to  boil,  without  any  fire. 

Though  there  was,  in  fady  nothing  that  could  judly  be  conGdered  as  furprifing  in  this 
event|  yet  I  acknowledge,  fairly,  that  it  afforded  me  a  degree  of  childifli  pleafure,  which, 
were  I  ambitious  of  the  reputation  of  a  grave  phUofopher^  I  ought  moft  certainly  rather  to 
hide  than  difcover. 

The  quantity  of  heat  excited  and  accumulated  in  this  experiment  was  very  confiderable ; 
for,  not  only  the  water  in  the  box,  but  alfo  the  box  itfelf,  (which  weighed  r5^Ib.)  and 
the  hollow  metallic  cylinder,  and  that  part  of  the  iron  bar  which,  being  Gtuated  within  the 
cavity  of  the  box,  was  immerfed  in  the  water,  were  heated  through  150  degrees  of  Fahren- 
heit's fcale;  viz.  from  60  degrees  (which  was  the  temperature  of  the  water  and  of  the  ma- 
chinery at  the  beginning  of  the  experiment)  to  a  10  degrees,  the  heat  of  boiling  water 
at  Munich.  ^ 

The  total  quantity  of  beat  generated  may  be  eftlmated  with  fome  confiderable  degree  of 
precifion  as  follows : 

Of  the  heat  excited  there  appears  to  have  been  a£lually  accumu-         Quantity  of  ice-cold  water 

which,  with  the  given  quantity 
lated%  ^  heat»  might  hare  been  heaU 

'  cd  to  1 80',  or  aide  to  boiL 


.  In  the  water  contained  In  the  wooden  box,  18  Jib.  avoirdupois,  roir  upowwcig 

heated  1 50 degrees;  namely, from  60^  to  210* F.  -  -  15.2 

In  1 13.131b.  of  gun  metal  (the  hollow  cylinder)  heated  150  de« 
grees ;  and,  as  the  capacity  for  heat  of  this  metal  is  to  that  of  wa- 
ter as  0.1 1 00  to  1. 0000,  this  quantity  of  heat  would  have  heated 
1 241b.  of  water  the  fame  number  of  degrees.  -  -  '^*37 

In  36.75  cubic  inches  of  iron,  (being  that  part  of  the  iron  bar 
to  which  the  borer  was  fixed  which  entered  the  box,)  heated  150 
degrees  \  which  may  be  reckoned  equal  in  capacity  for  heat  to 
2.2 lib.  of  water.  -  -  -  .  -  i.oi 

*  N.  B.  No  eftimate  is  here  made  of  the  heat  accumulated  in  the 
wooden  box,  nor  of  that  difperfed  during  the  experimentt 

Tolal  quantity  of  ice-cold  water  which,  with  the  heat  a£lually 
generated  by  fridion,  and  accumulated  in  2  hours  30  minutes,  might  *         ■  » 

have  been  heated  180  degrees,  or  made  to  boil.  -  -  26.58 

From  the  knowledge  of  the  quantity  of  heat  adiually  produced  in  the  foregoing  experi- 
ment, and  of  the  time  in  which  it  was  generated,  we  are  enabled  to  afcertain  the  velocity  §f 
its  produ^ioft,  and  to  determine  how  large  a  fire  mud  have  been  made,  or  how  muck  fuel 
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muft  have  beer  cpnfunied,in  order  thatj  in  burning  equably,  it  fliould  have  produced  by  com« 
buftioii  the  fame  quantity  of  heat  in  the  fame  time. 

In  one  cf  Dr.  Crawford's  c::pcrimcnt3,  (fee  his  Trcatifc  on  Ilcat,  p.  321)  371b.  702* 
troy=i8i920  grains  of  water  were  heated  2.',^  degrees  of  ralucnheit's  thermometer,  with 
the  heat  generated  in  the  combullion  of  26  griiins  of  wax..  'I  his  gives  3^^2032  grains  of 
water  located  i  dcj^ree  v. iili  26  g'.ain5  of  wax;  or  146^,3^*  grains  of  water  heated  i  de- 
gree, or  '  i  '^  ^ '  =  S  1.631  grain:-,  hcateJ  J  80  de^!^^ce3  with  ihe  h.:at  generated  in  the  combuf- 
tion  of  I  grain  of  \^mx. 

The  quantity  of  ice-cold  ^'.  atcr,  wliich  miglit  have  been  hv.\Ued  180  degrees  with  the 
heat  gcner<ated  by  friclion  in  tlic  before-mentioned  experiment,  was  found  to  be  26.581b* 
=.-  iS8c6o  grain:-  ;  and,  as  81651  grains  cf  ice-co'd  water  lequire  ilic  heat  j^'Mieratcd  in  the 
con^buflion  of  i  grain  of  wax  to  heat  it  \Z:^  degree^,  tl-c  former  quantity  of  ice-cold  wa- 
ter, namely,  i3Jcf>j  graiii.s,  wouUl  require  the  combuHion  of  no  lefs  than  2303.8  grains 
(i^4/j.oz.  troy)  of  wax  to  heat  it  iS;^-  degrees. 

As  the  cxpciii-ent  {No.  :.)  in  wliich  the  given  quantity  of  heat  was  generated  by  fric- 
tion lailcd  2  hours  ;o  iv/mut* ;  --  '50  minutes  j  it  is  nccetl'iry, for  the  purpofe  ofafcertain- 
.  ing  how  many  wux  canilles  of  any  given  (lisc  mull  butn  together,  in  order  that,  in  the 
combuftion  of  them,  the  given  quantity  cf  heat  may  be  generated  in  the  given  time,  and 
confequcntly  ivitb  the  fiimc  cclenty  as  tliat  with  which  the  heat  was  generated  by  friclion  in 
the  experiment,  that  the  fize  of  the  candles  (liould  be  determined,  and  die  quantity  of  wax 
confumed  in  a  given  time  by  each  candle  in  burning  equably  (hould  be  known. 

Now,  I  found  by  an  experiment  made  on  purpofe  to  finifli  thefe  computations,  that 
when  a  good  wax  candle  of  a  moderate  fize,  l  of  an  inch  in  diameter,  burns  with  a  clear 
flame,  jtfft  49  grains  of  wax  are  confumed  in  6  minutes.  Hence  it  appears,  that  245 
grains  of  wax  would  be  confumed ^n  30  minutes  •,  and  that  to  burn  the  quantity  of  wax 
(  =  2303.8  grains)  neccftary  to  produce  the  quantity  of  heat  acluaily  obtained  by  friflion^ 
in  tlie  experiment  in  queition,  and  in  the  given  time  (150  minutes),  nine  candles  burning 
at  once  would  not  be  fuilieient  -,  for  9  multiplied  into  245  (the  number  of  grains  confumed 
by  each  candle  in  150  minutes)  amounts  to  no  more  than  2205  grains;  whereas  the  quan- 
.  tity  of  wax  neeeHary  to  be  burned,  in  order  to  procure  the  given  quantity  of  heat,  was 
found  to  be  230^1.8  grains. 

From  the  rcfult  of  thcfc  tomputations  it  appears,  that  the  quantity  of  heat  produced" 
equably,  or  in  a  continual  dream  (if  i  may  ufe  that  expreflSon),  by  the  friction  of  the  Hunt 
fleel  bearer  againft  the  bottom  of  the  hollow  metallic  cylinder,  in  the  experiment  under  con- 
fideration,  was  greater  than  that  produced  equably  in  the  comb u (lion  of  9  wax- candles,, 
each  ;-  of  an  inch  in  diameter,  all  burning  together,  or  at  the  fame  time,  with  clear  bright- 
flames. 

As  the  machinery  ufed  in  this  experiment  could  eafHy  be  carried  round  by  the  force  of 
one  horfe  (though,  to  rentier  the  work  lighter,  two  horfes  were  a^Thially  exrployed  in  do- 
ing it),  thefe  computations  fliow  farther  how  large  a  quantity  of  heat  might  be  produced  by 
proper  mechanical  contrivance,  merely  by  tlie  ftrength  of  a  horfe,  without  cither  fire,  Hght> 
corabuftioh,  or  chemical  decompofirion ;  and,  in  a  cafe  ofnecelfity,  the  heat  thus  produced 
might  be  ufed  in  cooking  vicluals. 

But 
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But  no  circumftanccs  can  be  imagined  in  which  this  method  of  procuring  heat  would  not 
be  difadvantageous  ;  for  more  heat  might  be  obtained  by  ufiiig  the  fodder  neccflary  for  the 
fupport  of  a  horfe  as  fuel. 

As  foon  as  the  laft-mentioned  experiment  (No.  3)  was  finiflied,  the  water  in  the  wooden 
box  was  let  off,  and  the  box  removed  ;  and  the  borer  being  taken  out  of  the  cylinder, 
the  fcaly  metallic  powder,  which  had  been  produced  by  the  friftidn  of  the  borer  againft  the 
bottom  of  the  cylinder,  was  coUefted,  and,  being  carefully  w^eighed,  was  found  to  weigh 
4145  grains,  or  about  8y  oz.  troy. 

As  this  quantity  was  produced  in  2|  hours,  this  gives  830  grains  for  the  quantity  pro- 
duced in  half  an  hour. 

In  the  firft  exj/eriment,  which  laded  only  half  an  hour,  the  quantity  produced  was  837 
grains. 

In  the  experiment  No.  i,  the  quantity  of  heat  generated  in  half  an  hour  was  found  to  be 
equal  to  that  which  would  be  required  to  heat  51b.  avoirdupois  of  ice-cold  water  180  de- 
grees, or  caufe  it  to  boil. 

According  to  the  refult  of  the  experiment  No.  3,  the  heat  generated  in  half  en  hour 
would  have  caufed  5.311b.  of  ice-cold  water  to  boil.  But  in  this  lad-mentioned  experinient, 
the  heat  generated  being  more  effedually  confined,  lefs  of  it  was  lod  \  which  accounts  for 
thjs  difference  of  the  refults  of  the  two  experiments. 

It  remains  for  me  to  give  an  account  of  one  more  experiment  which  was  made  with  this 
apparatus.  I  found,  by  the  experiment  No.  i,  how  much  heat  was  generated  when  the  air 
had  free  accefs  to  the  metallic  furfaces  which  were  rubbed  together.  By  the  experiment 
No.  2, 1  found  that  the  quantities  of  heat  generated  were  not  fenfibly  diminifticd  when  the 
free  accefs  of  the  air  was  prevented;  and, by  the  refult  of  No.  3,  it  appeared  that  the 
generation  of  heat  was  not  prevented  or  retarded  by  keeping  the  apparatus  immerfed  in  wa- 
ter. But  as,  in  this  laft-mentioned  experiment,  the  water,  though  it  furrounded  the  hollow 
metallic  cylinder  on  every  fide,  externally,  was  not  fufFered  to  enter  the  cavity  of  the  bore 
(being  prevented  by  the  pidon),  and  confequently  did  not  come  into  contaft  with  the  metal- 
lic furfaces  where  the  heat  was  generated ;  to  fee  what  effecls  would  be  produced  by  giving 
the  water  free  accefs  to  thefc  furfaces,  I  now  made  the 

Experiment  No,  4* 

THE  piftcm  which  clofed  the  end  of  the  bore  of  the  cylinder  being  remm^ed,  the  blunt 
borer  and  the  cylinder  wetie  once  more  put  together ;  and  the  box  being  fixed  in  its  place, 
and  filled  with  w^tcr,  the  machinery  was  again  put  in  motion. 

There  was  nothing  In  the  refult  of  this  experiment  that  renders  it  nccefTary  for  me  to 
be  very  particular  in  my  account  of  it.  Heat  was  generated  as  in  the  former  experiments, 
and  to  all  appearance  quite*  as  rapidly ;  9th\  I  have  no  doubt  but  the  water  in  the  box 
t^'ould  have  been  brought  io  boil,  had  the  experiment  been  continued  as  long  as  the  laft- 
The  only  circumdance  that  furprifed  mt  was,  to  find  how  little  difference  was  occaConed 
in  the  nolfe  made  by  the  borer  in  rubbing  againft  the  bottom  of  the  bore  of  the  cylinder, 
by  filling  the  bore  with  w'itet.  This  noife,  which  was  very  grating  to  the  etlr^  .and  TcJnKv 
times  almoft  infwppwtaWe,  was,  as  nearly  as  I  could  judge  of  it,  quite  as  lotid  and  a»  diT- 

Qjt  agreeable 
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agreeable  wlicn  the  furfaces  rubbed  together  were  wet  with  water,  as  when  diey  were  lA 
conta£l  with  ain 

By  meditating  on  the  refults  of  all  thefe  experiments,  we  are  naturally  brought  to  that 
great  qucftion  which  h<is  fo  often  been  the  fubje£t  of  fpeculation  among  plulofophert^. 
namely,  What  is  heat  ? — Is  there  any  fuch  thing  as  an  igneous  fluid? — Is  there  any  thing 
that  can  with  propriety  be  called  caloric  ? 

We  have  feen  that  a  very  confiderable  quantity  of  heat  may  be  excited  in  the  friflion  of 
two  metallic  furfaces,  and  given  off  in  a  conftant  ilream  or  flux  in  all  direflions^  without 
interruption  or  intermiflion,  and  without  any  figns  of  diminution  or  exhauftion. 

From  whence  came  the  heat  which  was  continually  given  off  in  this  manner  in  the  fore* 
going  experiments  ?  Was  it  furniflied  by  the  fmall  particles  of  metal  detached  from  the 
larger  folid  maifes  on  their  being  rubbed  together  ?  This,  as  we  have  already  feen,  could 
not  poflibly  have  been  the  cafe. 

Was  it  furniflied  by  the  air  ?  This  could  not  have  been  the  cafe  ;  for  in  three  of  theft 
experiments,  the  machinery  being  kept  immerfed  in  water,  the  accefs  of  the  air  of  the  at- 
mofphere  was  completely  prevented. 

Was  it  furniflied  by  the  water  which  fur  rounded  the  machinery  }  That  this  could  not 
have  been  the  cafe  is  evident ;  flrfl^  becaufe  this  water  was  continually  receiving  heat  from 
the  machinery,  and  could  not  at  the  fame  time  be  giving  to  and  receiving  heat  from  the' 
fame  body  ;  zndy/econdly^  becaufe  there  was  no  chemical  decompofition  of  any  part  of  this, 
water.  Had  any  fuch  decompofiiion  taken  place  (which  indeed  could  not  reafonably  have 
been  expefled),  one  of  Its  compound  elaftic  fluids  (mod  probably  inflammable  air)  muit 
at  the  fame  time  have  been  fet  at  liberty,  and,  in  making  its  efcape  into  the  atmofphere^ 
would  have  been  detedled  *,  but  though  I  frequently  examined  the  water  to  fee  if  any  ur 
bubbles  rofe  up  through  it,  and  had  even  made  preparations  for  catching  them  in  order  t<^ 
examine  them  if  any  fliould  appear,  I  could  perceive  none  ;  nor  was  there  any  fign  of  de« 
compofltlon  of  any  kind  whatever,  or  otlier  chemical  proccfs  going  on  in  the  water. 

Is  it  poflible  the  heat  could  have  been  fupplied  by  means  of  the  iron  bar  to  the  end  of 
which  the  blunt  (leel  borer  was  fixed  ?  or  by  the  (mall  neck  of  gun-metal  by  which  the 
hollow  cylinder  was  united  to  the  cannon  ?  Thefe  fuppofitions  appear  more  improbable 
even  than  either  of  thofe  before  mentioned  ;  for  heat  was  continually  going  off  or  out  of 
the  machinery f  by  both  thefe  lafl  paflTages,  during  the  whole  time  the  experiment  lafted.. 

And,  in  reafoning  on  this  fubjefl,  we  muil  not  forget  to  conflder  that  mofl:  remarkable 
circumftance,  that  the  fource  of  the  heat  generated  by  fri£tioa  in  thefe  experiments  ap^ 
peared  evidently  to  be  inexhauflible. 

It  is  hardly  neceflary  to  add,  that  any  thing  which  any  infulated  body  or  fyftem  of  bo- 
dies can  continue  to  furnifli  without  limitation^  cannot  poffibly  be  a  material  fuhftance  \  and 
it  appeals  to  me  to  be  extremely  diflicult,  if  not  quite  impoflible,  to  form  any  diftindl  ide» 
of  any  thing  capable  of  being  excited  and  communicated  in  the  manner  the  heat  was  ez«. 
Citecf  and  communicated  in  thefe  experiments,  except  it  be  motion* 

I  am  very  far  from  pretending  to  know  how,^  or  by  what  means  or  mechanical  coiitrir>* 
iLUgC}  that  particular  kind  of  motion  in  bodies  which  has  been  fuppofed  to  conftitute  beat 

2  » 
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IS  excited^  condnued^  and  propagated  $  and  I  ihall  not  prefume  to  trouble  tKe  Society  with 
mere  conjedures,  particularly  on  a  fubje£t  which,  during  fo  many  thoufand  years^  the 
moil  enlightened  philofophers  have  endeavoured  but  in  vain  to  comprehend. 

But  although  the  mechanifm  of  heat  (hould  in  fa£l  be  one  of  thofe  myderies  of  nature 
which  are  beyond  the  reach  of  human  intelligence,  this  ought  by  no  meana  to  difcourage 
us,  or  even  leflen  our  ardour,  in  our  attempts  to  inveftigate  the  laws  of  its  operations.  How 
far  can  we  advance  in  any  of  the  paths  which  fcience  has  opened  to  us,  before  we  find 
ourfelves  enveloped  in  thofe  thick  mifts  which  on  every  fide  bound  the  horizon  of  the  hu- 
man intellefb  ?  But  how  ample  and  how  interefting  is  the  field  that  is  given  us  to  explored 

Nobody,  furely,  in  his  fober  fenfes  has  ever  pretended  to  underftand  the  mechanifm  of 
gravitation  \  and  yet  what  fublime  difcoveries  was  our  immortal  Newton  enabled  to  make> 
merely  by  the  inveftigalion  of  the  laws  of  its  aAion  I 

The  effefls  prf>duced  in  the  world  by  the  agency  of  heat  are  probably  ^/^  as  exten/ivcy 
and  quite  as  important,  as  thofe  which  are  owing  to  the  tendency  of  the  particles  of  matter 
towards  each  other  ;  and  there  is  no  doubt  but  its  operations  are  in  all  cafes  determined 
by  laws  equally  immutable. 

Before  I  finifh  this  paper  I  would  beg  leave  to  obferve,  tliat  altliough,  in  treating  the 
fubjed  I  have  endeavoured  to  inveftigatey  1  have  made  no  mention  of  the  names  of  thofe 
who  liave  gone  over  the  fame  ground  before  me,  nor  of  the  fuccefs  of  their  labours^  thi» 
omiffion  has  not  been  owing  to  any  want  of  refpefl  for  my  predeceflbrs,  but  was  merely 
to  avoid  prolixity,  and  to  be  more  at  liberty  to  purfue  without  interruptioa  the  natuiaL 
train  of  my  own  ideas. 

Defer iption  of  the  Figures.     Plate  V^ 

FIG.  I.  (Iiows  the  cannon  ufed  in  the  foregoing  experiments,  in  the  ftate  it  was  when  \\ 
came  from  the  foundry. 

Fig.  2.  (hows  the  machinery  ufed  in  the  experiments  No.  i*  and  No.  2.  The  cannon  is 
feen  fixed  in  the  machine  ufed  for  boring  cannoa.  W  is  a  ftrong  iron  bar  (which,  to 
lave  room  in  the  drawing,  is  reprefented  as  broken  ofF) ;  which  bar  being  united  with  ma«^ 
chinery  (not  exprefl'ed  in  the  figure)  that  is  carried  round  by  horfes>  caufes  the  cannon  tO' 
turn  round  its  axis. 

i»  is  a  ftrong  iron  bar,  to  the  end  of  which  the  blunt  borer  is  fixed',  which,  by  being 
forced  againft  the  bottom  of  the  bore  of  the  (hort  hollow  cylinder  that  remains  conneded- 
by  a  fmall  cylindrical  neck  to  the  end  of  die  cannon,  is  ufed  in  generating  heat  by  fridion. 

Fig.  3*  (hows  on  an  enlarged  fcale  the  fame  hollow  cylinder  that  is  reprefented  on  ^ 
fmaller  fcale  in  the  foregoing  figure.  It  is  here  feen  c  onnefled  with  the  wooden  box 
(^,  b^  i,  h)  ufed  in  the  experiments  No.  3.  and  No.  4.,  when  this  hollow  cylinder  was  im<i^ 
merfed  in  water. 

p^  wfakh  is  marked  by  dotted  lines,,  is  the  pifton  which  clofed.  the  end  of  tl\e  bore  of  the 
cylinder. 

n  is  the  blunt  borer  feen  fideways. 

iy  #,  is  the  fmall- hole  by  which  the  thermometer  was  introduced,  that  was  ufed  for  af-^ 
certaining  the  heat  of  the  cylinder.  To  fave  room  in  the  drawing,  the  cannon  \%  repre* 
fented  broken  off  near  its  muzzle  ;  and  the  iron  bar,  to  which  the  blunt  borer  U  fixed^  is 
fegrefentcd  broken  off  ai  «i» 


Muriatic  Acid  *• 

COMMONLY  called  fpirlt  of  fait,  always  contains  iron,  and  frcquentlj  fulphuric  acid 
and  copper. 

The  fulphuric  acid  U  dcte£ted  either  by  the  addition  of  barytesj  or  acctice  of  lead,  and 
the  refults  are  the  fame  as  in  the  foregoing  experiments. 

Copper  IS  inveftigatcd  by  fuperfaturating  this  acid  with  pure  ammoniaCj  which  in  this 
cafe  will  immediately  be  tinged  of  a  perceptible  blue. 

Iron  is  manifefted  by  previoufly  uniting  this  acid  with  carbonate  of  pota(h  and  treating 
it  then  with  tindur-e  of  gall-nuts,  or  pruiBate  of  pota(h.  The  firft  will  produce  a  black, 
and  the  latter  a  blue  precipitate.  /.■'■■' 

The  fpecific  gravity  of  muriatic  acid  (hould  be,  t,^  to  i,ooo. 

Pure  muriati  c  acid  is  totally  deftitute  of  colour. 

jicitous  Acid. 

THE  concentrated  acetous  acid  commonly  met  with  contains  fulphuric  acid,  with 
which  it  is  either  fraudulently  adulterated,  or  with  which  it  is  impregnated  by  a  carelefs 
and  flovenly  management  during  the  procefs  for  obtaining  it. 

We  often  find  this  acid  contaminated  by  tartareous  acid,  and  not  unfrequently  by  cop* 
per  or  lead.  The  prefence  of  fulphuric  acid  is  here  alfo  difcovered  by  the  addition  of 
barytes,  or  acetite  of  lead,  in  the  manner  already  mentioned. 

Tartareous  acid  is  dete£led  by  faturating  the  acetous  acid  with  vegetable  alkali,  in  con* 
fequence  of  which  a  tartarite  of  potafli  becomes  feparated  in  the  form  of  a  white  powder. 

Copper  is  difcovered  by  faturating  the  acid  with  carbonate  of  ammoniac,  and  lead  be* 
comes  manifeftcd  by  mixing  it  with  water  impregnated  with  fulphurated  hydrogenooa 
gas.     In  the  fir  ft  cafe  a  blue,  and  in  the  fecond  a  black  precipitate  will  be  formed. 

The  fpecific  gravity  of  the  moft  concentrated  acetous  acid  (hould  be  to  that  of  water 
as  1,050  to  i,oco.     It  is  colourlefs,  and  of  a  penetrating  fmcll. 

BiJtllUd  Vinegar. 

VINEGAR,  if  not  diftilled  in  glafs  veflels,  but  in  a  ftill  with  a  pewter  head,  alwayt  con« 
tains  lead  in  folution. 

To  difcover  this,  equal  quantities  of  vinegar,  and  water  impregnated  with  fulphurated 
hydrogenous  gas,  are  mixed  together,  which  mixture,  if  the  vinegar  is  free  from  lead,  will 
remain  unaltered  ;  whereas,  on  the  contrary,  the  fmalleft  quantity  of  this  metal  will  pro- 
duce a  black  precipitate. 

We  frequently  meet  with  diftilled  vinegar  adulterated  vnth  fulphureous  acid,  the  pre- 
fence  of  which  is  detefled  by  means  of  nitrate  of  barytes,  or  acetite  of  lead,  as  mentioned 
before. 

*  The  proportion  of  fulphuric  acid  prefcribed  by  our  royal  college  of  phyficians  for  obtaining  this  add  is  much 
too  great,  as  x 8  or  20  ounces  are  quite  fufHcicnt  for  a  total  dccompofition  of  the  quantity  of  muriate  of  potaik 
ordered. 

The 
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The  bcft  dUtilled  vinegar  has  a  pleafant  tafte  and  fragrant  fmcU,  is  perfeCUy  colourlcfs, 
and  twelve  pans  of  it  require  one  of  dry  vegetable  alkali  to  neutralife  it. 

Boracic  Acid. 

ON  account  of  the  high  price  which  this  acid  bears^  we  often  meet  with  it  intentionally 
adulterated  with  Venetian  talc,  afbeft,  &c. 

Genuine  boracic  acid  is  foluble  in  five  times  its  quantity  of  boiling  ardent  fpirit,  and 
the  folution  when  fet  on  fire  burns  with  a  green  flame.  In  water  it  diilblves  tardily ; 
when  fubmitted  to  the  blow-pipe  it  fluxes  to  a  perfe£t  tranfparent  glafs  if  genuine  ;  it  vi- 
trifies earth  and  (lones.  If  it  be  added  in  fmall  quantities  to  tartarite  of  potafhj  it  tranf- 
forms  it  into  a  very  foluble  fait.  The  bed  boracic  acid  is  exhibited  in  fmall  hezangular 
fcalj  cryftals,  of  a  fhining  (ilvery  white  colour.  It  difcovers  only  a  flight  acid  tafte,  and 
does  not  deliquefce  in  the  air. 

Its  fpecific  gravity  is  i>48o. 

Tartareous  Acid. 

TARTAREOUS  2cid  may  very  eafily  be  contaminated  with  fulphuric  acid,  either  frau- 
dulently or  in  confequence  of  a  faulty  preparation. 

The  admixture  of  fulphuric  acid  is  foon  difcovered,  if  a  fmall  quantity  of  the  tartarcous 
acid  be  diflblved  in  diftilled  water,  and  a  few  drops  of  a  folution  of  acetite  of  lead  are 
added  to  it :  by  this  means  a  white  precipitate  is  afibrded,  which,  by  the  addition  of  a  few 
drops  of  pure  nitric  acid,  will  be  entirely  rediflblved  if  no  fulphuric  acid  is  prefent.  The 
prefence  of  this  acid  is  dill  more  readily  manifeded  by  adding  to  the  tartareous  acid  dif- 
folved  in  diftilled  water  a  few  drops  of  a  folution  of  nitrate  of  barytes>  in  confequence  of 
which  falphate  of  barytes  will  immediately  be  generated. 

Pure  cry^aDized  tartareous  acid  does  not  change  by  expofure  to  air  j  it  is  very  foluble 
ta  wateri  and  poflefies  a  grateful  acid  tafte. 

Acid  of  Amber* 

WE  find  this  acid  wonderfully  adulterated  fometimcs  with  fulphuric  acid  and  all  its 
combinations,  fometimcs  with  tartareous  acid,  and  now  and  then  with  muriate  of  am* 
moniac. 

The  fulphuric  acid  is  difcovered  by  means  of  nitrate  of  barytes,  or  acetite  of  lead. 

The  tartareous  acid  is  difcovered  by  means  of  vegetable  alkali ;  for,  if  this  acid  be  pre- 
fent,  a  quantity  of  tartarite  of  potaih  wiU  be  formed. 

Muriate  of  ammoniac  is  difcovered  with  refpedl  to  one  of  its  component  parts  (the  mu- 
rbtic  acid),  by  the  folution  of  nitrate  of  filver;  and  with  refpe£t  to  the  other  (the  am- 
moniac) by  adding  to  the  aqueous  folution  of  this  fait  a  little  vegetable  alkali,  and,  after 
beating  the  mixture,  holding  over  it  a  ftopper  moiftened  with  acetous  acid;  white  fumes 
will  be  formed,  which  indicate  that  ammoniac  is  prefent. 

Pure  acid  of  amber  is  a  cryftalline  white  fait,  of  an  acid  tafte,  foluble  in  twenty-fouv 
times  its  weight  of  cold  water,  but  in  eight  when  boiling  hot,  and  is  volatilized  on  an  ig- 
nited iron,  leaving  neither  aifaes  nor  any  other  refidue  behind. 
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jtcid  of  BiMZoin, 

WHICH*  IS  commonly  known  by  the  name  of  flowers  of  benjamin,  is  not  liable  to 
taGly  adulterated. 

Thcbeft  flowers  of  benjamin  are  brilliant  white,  poflcfs  a  peculiarly  grateful  fmell,  are 
totally  foluble  in  boiling  water  and  ardent  fpiiit,  and  leave  no  rcfidue  or  a(hes  when  laid 
upon  a  red-hot  iron,  or  on  ignited  coals. 


V. 

A  Model  propof.'d  for  the  Conjlnulhn  of  a  Salt  Hi  Han  y  or  Injlrumentfor  explaining  tht  Phenomentt 
of  Jupiter  and  his  Satellites ^  with  an  Account  of  its  Ufe.  By  the  Riv,  IV.  PEARSON^,  ef 
Lincoln  *. 

oINCE  the  doctrine  of  brightnds  has  been  particularly  attended  to  by  Mr.  Herfchell  \tk 
bis  obfervations  of  the  heavenly  bodies,  this  celebrated  allronomer  has  been  able,  by  means 
of  the  excellence  of  his  telefcopes^  to  announce  to  the  world,  what  his  predeceflbrs  conlS' 
only  conjefture,  not  only  that  the  fatellttes  of  Jupiter  have  each  a  rotatory  motion  on  their 
axes,  but  alfc^  the  exa£t  time  of  each  rotation-.  In  Part  11.  of  the  Philofophical  Tnmfac- 
tioni  of  the  Royal  Society  of  the  laft  year  [1797],  is  an  article  in  which  Mr.  Herfchell  has 
proved,  I  think,  in  a  fatisfa£lory  manner,  that  each  of  tfaefe  four  fatellites  has,  tike  our 
inoon,  jud  OBo  rotation  in  every  periodical  revolution  round  its  primary,  viz.  The  firft  or 
neareftvin  i  ddly  8  hours  and  26-^^  minutes ;  the  fecond,  in  3  days  13  [by  a  typographical 
error  made  18}  hours  and  17-r^^  minutes  \  the  third,  in  7  days  3  hours  and  59-,^  minutes^ 
and  the^fourth,  in  16  days-  \%  hours  and  5-,^  minutes.— —^This  difcovery  of  a  rotation  in 
each  revolution  renders  the  analogy  fo  (Iriking  between  the  Jovian,  as  a  detached  part  of ' 
£e  folar  fyftem,  and  that  of  our  own  eartli  and  moon,  that  we  can  hardly  any  longer  doubt 
whether  or  not  Jupiter  be  inhabited.  Such  a  confideration,  in  my  opinion,  renders  the 
Jovian  portion  of  the  folar  fyftem  a  fubjcft  which  merits  more  particular  attention  than  is 
ufually  allotted  to  it  in  leftures  upon  aftronomy  v  and  on  this  account  I  have  contrived  thb 
model  of  an  ioftrument  of  a  (imple  conftru£lion  for  the  purpofe  of  explaining  the  diflbrent 
phenomena  thereof,  which»  for  want  of  a  more  appropriate  name,  I  (hall  take  the  liberty 
of  calling  a  fatellitian.  Other  inftruments  to  anfwer  the  fame  purpofe  may  have  been . 
conftru£led  and  ufed  *,  but  as  I  have  no  knowledge  of  any,  except  that  Mr.  Rowley's  grand' 
onery  is  faid  to  reprefent  Jupiter's  fatellites  moving  by  wheel-work -f,  I  feel  myfelf  war- 
ranted in  prefenting  to  the  public  a  plan  and  defcription*of  the  conftituent  parts  of  thi^ 
detached  inftrument,  and  of  the  method  of  ufing  it,  in  hopes  that  it  may  prove  not  unac«* 
ceptable  to  the  cultivators  of  fcience,  or  at  Icaft  that  it  may  fugged,  to  fomc  more  inge^ 
nious  artift  the  means  of  making  a  more  eligible  one. 


*  Communicated  by  the  auti)or. 

•|s  A  maciiine  for  rhi<  .purpofe  is  alfo  defcribed  in  9arris'j  Lexicon  Technicum*    N« 
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I^rumtfiijor  exhittttng  'Jupiter  and  his  Moonu  tT% 

In  figure  I  of  plate  VI.  is  exhibited  a  lateral  view  of  the  wheels  of  this  Inftromciit, 
which  are  calculated  for  producing  the  mean  motions  of  the  four  fatellitesi  and  contained 
in  the  brafs  box  ABCD,  8-,^^  inches  long  within,  4  broad,  and  i-i'j  deep.   Figure  2,  EF, 
reprefents  the  cover  of  this  box,  on  which  the  different  faces  for  the  hour,  week^  and 
month-hands  are  graduated  and  filvered  :   the  fmall  concentric  wheels  marled  8,  18,  27, 
and  39  in  fig.   i^  are  all  fixed  on  the  fame  revolving  axle,  placed  on  the  point  H,  which 
carries  the  hour-hand  on  its  upper  end  once  round  in  24  hours ;  but  the  larger  correfpond- 
ing  wheels,  134,  129,  96,  and  69,  are  fixed  on  the  ends  of  as  many  feparate  tubes  or  hol- 
low axles  of  brafs,  which  juft  turn  eafily  round  within  one  another,  and  are  fupported  by  a 
(houlder  in  the  perpendicular  fixed  ftem  that  holds  Jupiter  over  the  point  S ;  the  inner- 
moft  being  the  longeft,  and  the  next  to  the  innermoft  the  next  in  length,  as  in  a  commoa 
planetarium  :  thefe  tubes  have  each  a  broad  ring  of  a  proper  diameter  to  Aide  a  little  way 
upon  their  upper  ends,  to  which  are  riveted  the  crooked  arms  which  fupport  the  fatellitea; 
and  the  rings  are  turned  round  the  tubes  in  the  adjuftment  of  the  fatellites  to  their  rela- 
tive fituations :  the  tubes  alfo  have  (boulders  each  for  the  fupport  of  its  next  fuperior 
wheel,  and  are  kept  in  their  places  by  the  lower  edges  of  the  rings. 

All  the  parts  of  the  fatellitian  are  laid  down  in  the  plate  in  thehr  proper  proportions 
and  full  fize,  according  to  the  following  table,  from  which  an  artift  of  but  little  ingenuity 
may, eafily  conftru£i  it,  provided  he  is  fumiihed  with,  or  has  accefs  to,  a  cutting  engine  for 
making  the  wheels^  the  plate  of  which  is  properly  divided  for  the  required  numbers.  An 
eafy  method  for  dividing  a  plate  is  laid  down  in  Mr.  Fergufon*s  ^  Sele£^  Exercifes,**  In 
fubftance  thus :  As  all  the  teeth  in  any  wheel  are  to  360^,  fo  are  any  odd  mmiber  of  teetfai 
to  the  number  of  degrees  to  be  marked  out,  and  divided  into  that  odd  number;  after  whick 
the  remaining  even  number  may  be  very  eafily  divided  by  continued  halves^ 


Table  of  Dimen/tons 


Wheels 

• 

Diam.  in  Inches  from 

Pifbnce  of   the  Satellites  from 

the  Fitch  Line. 

Jupiter  in  Diameten  of  him. 

«34 

a,8 

I.  Satellite  2-^  diameters. 

129 

a,6 

2.  do.   —  4r  do. 

96 

2,3  . 

3.  do.   —  ^i  do. 

69 
8 

1.9 

0K  #% 

4.  do.   —  I2x  do. 

0,2 

18 

<M- 

From  S  to  H  i^  inches. 

27 

0.7 

From  H  to  W  0,68  do. 

39 

».i 

From  W  to  P  2,125  do. 

s<s 

i»« 

- 

.    1 

0.3S 

• 

73 

3.9 

♦  The  wheels  in  the  table  arc  proportioned  thus : — Ai  the  fum  of  the  teeth  in  any  two  corref{»iidmg  wheels 
is  to  the  didancc  between  their  centres,  or  fum  of  their  femidiarteters,  fa  is  the  number  of  teeth  in  cach^ 
taken  feparately,  to  its  femidisimeter :  an  allowance  being  aften^ards  made  for  the  driving  wheel  being  fome* 
vhat  Uvget  in  this  proportion  than  the  driven  one,  to  make  them  work  more  eafily.— W.  P. 
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Though  the  dinocriiions  of  the  ^heelwork  here  given  itre  conyenient  for  the  conftmdioft 
of  the  fiitellitian,  yet  the  box  may  be  in  the  form  of  a  fquare^  an  odla^on^  or  a  circle  \ 
though  a  parallelogram  feerofi  to  be  the  moft  portable  \  but  of  whatever  ihape,  there  muft 
be  a  contrivance  for  cramping  orotherwife  fixing  it  to  a  table  when  ufed. — The  fize  of  the 
ball,  which  reprefents  Japiter  in  the  plate,  is  proportioned  to  the  length  of  the  arms  which 
carry  the  fateUiteSy  and  ought  not  to  be  larger  \  for  an  increafed  length  of  the  arms  would 
not  admit  the  fcreen  to  approach  near  enough  to  prevent  the  divergence  of  die  (hadows.^*. 
The  balk  which  reprefent  the  fatellites  ihould,  however,  be  as  diminutive  as  poflible,  fo 
that  they  give  adiftinA  fhadow  by  candlelight.  According  to  Mr.  Herfcheirs  obferrations^ 
the  third  is  the  largeft,  the  firft  and  fourth  nearly  equal,  and  the  fecond  the  fmalleft  :  their 
colours  are,  in  his  own  words,  as  follows  :  the  firft  is  '^  white,  more  fo  fometimes  than 
others;"  the  fecond  *'  white,  blueifii,  and  a(h-coloured 3"  the  third  ^'  white,  differently  in 
differisnt  fituations;**  and  the  fourth  ^'  dufky,  dingey  inclining  to  orange,  reddifb,  and  ruddy, 
at  different  times." 

A  motion  is  communicated  to  the  machinery  by  means  of  a  fingle  endlefs  fcrew,  on  an 
horizontal  axle,  lying  across  the  box  at  the  fmall  black  circle  near  73,  and  working  with  the 
teeth  of  this  wheel :  a  handle  is  put  upon  the  proje£^ing  end  of  this  axle,  which  cannot  ap« 
pear  in  the  plate,  at  fuch  a  diftance  from  the  fide  of  the  box,  as  may  prevent  the  hand  o£ 
the  perfon  who  turns  it  from  touching  any  of  the  fmall  ballsj  or  intercepting  the  iriew  of  a? 
fmall  company  of  fpe£lators. 

As  appendages  to  the  fatelliti^n,  a  fm^ll  Hiding  fcreen  of  thin  paper  and  ^  appropriate 
cgodleftick  are  necefi^y. — ^The  mode  of  adj^fting  the  fcreen  is  opuonal,  and  therefore  re*^ 
quires  op  dpff^ription..— The  bafe  of  the  candlefiick,,  of  which  a  fl&etch  is  given  in  nuni^ture 
at  fig.  3,  confifts  of  a  circular  plate  of  brafs  4  inches  diameter,  divided  into  the  12  fign8> 
and  graduated  in  concentric  circles  near  the  extremity :  in  the  centre  of  this  (lands  a  fliort 
perpendicular  ftem  of  a  cylindrical  fbrm^  which  fcrews  into  a  folid  piece  foldered  on  the 
furface  of  the  plate,  and  has  a  focket  proper  for  containing  a  candle  or  lamp  at  the  upper 
end :  on  the  low  epd  o£  this  ftem  turns  »  broad  ring,  into  which  an  arm  is  riveted 
3  inches  long,  which  has  a  fimilar  focket  on  its  upper  end,  and  oppofite  thereto  a  hand  alfo 
riveted,  which  points  to  the  graduated  ecliptic  oppofite  to  the  part  on  which  the  arm  refts 
at  all  times. 

In  order  to  eftimate  die  accuracy  of  the  mean  motions  of  the  little'' balls  in  the  fatellitian, 
we  muft  coafider  each  pair  of  correfponding  wheels  as  an  improper  fra£iion  of  a  day  \, 
thus  II  of  24  hours  is  equal  to  i  d«  1 8  h«  27  min.  41  fee. ;  \jv&  equal  to  3  d.  13  h.  20  min.; 
W  ^^  equal  to  7  d.  4h.  omin. ;  and  -  j-^  equal  to  i(f  d.  18  h.  o  min.  \  whence  it  appears- 
that  the  error  in  one  day's  mean  motion  of  the  firft  fiitellite  is  not  quite  +  37'' 9  of  the 
fecond  fomewhat  more  than  +  37'' »  of  the  third  not  quite  -(^  3'^^  \  >nd  of  the  fourth 

about— 1 8". The  firft  and  fecond  of  thefe  errors  will  amount  to  one  hour*s- motion 

ef  each  fatellite  in  about  97I  days'  ufe  with  one  re£iification ;  but  the  third  and  fourth- will 
not  be  perceptible  by  the  eye  in  fcveral  years,  by  reafonof  the  flownefs  of  the  fatellites' 
notions,  as  well  as  fmallnefs  of  their  daily  errors.  With  regard  to  the  calculation  of  the 
other  wheels,  the  fradion  ^-^  is  equal  to  7  days  for  the  week-hand  \  and  the  compound 
01^  y  X  V  ^s  c^u^l  to  73  ;  but  the  fpiral  face  qn  the  cover  has  five  lines  divided  into 

365  equal 
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365  equal  partSi  therefore  five  revolutions  of  tite  montbohand,  viz.  5  X  73^  wiH  complccc 
the  year.  The  365  days  in  the  fpiral  are  divided  into  calendar  months,  the  initials  of  each 
of  which  ftand  immediately  over  the  beginning  of  the  firft  day  of  each ;  fo  that  when  the 
inftrument  is  reflified  for  the  month,  day>  and  hour  at  any  particular  time,  the  different 
hands  will  preferve  their  refpe£live  (ituations  to  the  end  of  the  year,  and  fo  on  from  year 
to  year,  provided  the  month-hand  be  put  back  one  day  in  the  fpiral  at  the  lattei:  end  ojf 
February  in  every  hap  year.  This  patting  back,  however,  will  not  in  the  lead  afie£l  the 
motions  of  the  fatdlites;  for  the  hands,  being  put  upon  the  circular  ends  of  the  axles,  will 
turn  in  adjuitment  without  giving  motion  to  tlie  wheels. 

As  the  error  in  tlie  firft  and  fecond  fatellites  will  amount  in  one  year  to  about  three 
hours  and  forty-four  minutes  motion  of  each^  they  muft  alfo  after  that  fpace  be  put  to 
their  right  places  again,  which  is  very  eafily  done  thus  :  Turn  the  handle  in  a  retrograde 
direction  till  all  the  fatellites  have  come  back  4  h.  44  min«  then  hold  the  firft  and  fecond 
in  that  particular  poficion  while  the  handle  is  again  turned  to  its  original  fituation,  and 
then  let  them  be  at  liberty. — If  this  is  done  at  a  quarter  of  a  year  after  reAification,  the 
error  will  be  fomewhat  lefs  than  an  hour,  and  it  may  render  a  new  reflification  by  the 
nautical  almanac,  as  will  be  defcribed  hereafter,  needlefs.. 

If  at  any  time  the  letter  pointed  to  in  the  week  circle,  and  the  correfponding  day  of  the 
month  in  the  fpiral,  in  the  firft,  fecond,  third,  fourth,  or  fifth  line,  as  the  cafe  may  be,  be 
both  attentively  obferved,  it  will  appear  by  infpedlion  for  what  particular  time  the  fatel- 
Ktian  ftands  re£kified  in  a  given  year  after  it  has  been  out  of  ufc  ;  for,  as  the  month-hand 
lies  over  the  five  lines,  that  particular  line  is  die  proper  one,  the  numerical  point  of  which 
anfwers  to  the  initial  of  the  day  to  which  the  week-hand  points  :  for  example,  in  the  plate 
the  rcflification  of  the  hands  is  for  noon  of  Wednefday  June  14,  1797.  Without  a  regard 
to  fucb  a»  infpeftion,  a  new  redification  would  become  neccflary  every  time  the  inftru- 
ment* was  to  be  ufed,  and  in  fome  cafes  probably  when  the  means  of  redlification  might 
not  be  immediately  attainable. 

If  the  orbits  of  the  fatellites  were  not  neceflarily  too  large  in  the  fatellitian  to  be 
proportional  to  thofe  of  the  earth  and  Jupiter,  when  the  latter  is  placed  at  fuch  a  diftance 
from  them  as  that  a  candle  in  its  place  may  produce  a  diftinA  ftiadow  of  each,  5-^^^  times 
the  diftance  between  the  two  fockets,  viz.  ij^V  inches,  would  be  the  proper  diftance  of  the 
central  candle  from  Jupiter^  in  which  pofition  the  angle  at  Jupiter  in  the  fatellitian  fubtend- 
ed  by  the  diftance  between  the  fockets,  vi2.  3  inches,  would  be  equal  to  the  parallax  of  the 
earth's  annual  orbit  feen  from  Jupiter  5  but  as  the  exaft  proportions  of  all  their  orbits 
cannot  be  preferved,  a  mechanical  adjuftment  becomes  requifite  to  preferve  the  due  ar* 
rangement  of  the  fhadows  upon  the  fcreen. 

The  reftification  ought  always  to  be  very  minutely  attended  to,  and  la  thus  effeftcd  : 
Fix  the  fatellitian  firmly  on  a  table,  and,  fctting  the  centre  of  the  candleftick  jud  four  feet 
from  Jupiter,  place  a  fteady  burning  candle,  or  rather  a  lamp,  in  the  central  focket,  upon 
the  fame  level  with  Jupiter  in  the  inftrument,  and  a  fimilar  one  in  the  focket  fupported  by 
the  arm  at  the  fame  height  \  by  this  means  two  (hadows  of  Jupiter  will  fall  upon  the 
fcreen  wben  placed  behind  the  fatellitian  :  fiide  tlve  fcreen  as  near  Jupiter  as  a-  revolution 
of  the  longeft  arm  will  fuffer  it  to  approach)  which  will  be  upwards  of  2^  inches  ;.  and  if 

the 


J  26  lnfirum€nt  fir  exhibiting  Jupiter  and  his  Momi. 

the  central  candle  and  Jupiter  form  t,  right  angle  at  the  other  candlci  the  two  (haJows 
'  vpill  cover  one  another  juft  fo  much  as  is  reprefented  in  fig.  4.  or  fig.  6. ;  but  if  this  is  not 
•cxaflly  the  cafe,  the  candleftick  muft  be  brought  nearer^  or  removed  farther,  till  this  ap- 
pearance is  produced  j  and  then  the  fcreen  muft  he  fecured  in  its  place,  and  the  candleftick 
"be  fuflfcrcd  to  remain.  In  the  next  place,  with  a  pair  of  bow-compafles  defcribc  a  circle 
coincident  with  that  (hadow  which  is  occafioned  by  the  central  candle ;  and  within  that^ 
three  other  concentric  circles,  the  largeft  of  the  three  to  touch  the  edge  of  the  other  flia- 
•dow  when  the  arm  remains  unmoved  ;  the  next  to  touch  the  fame  when  the  arm  is  46*' 
from  conjunQion  with  Jupiter  and  the  central  candle  ;  and  the  fmalleft  to  touch  the  fame 
when  the  arm  is  24"  from  a  fimilar  fituation. 

Here  then  the  central  candle  will  reprefent  the  fun  ;  the  outermoft  circle  in  fig.  4.  or  6* 
the  diametrical  fe£lion  of  the  fun's  ftadow  at  the  orbit  of  the  firft  fatellite  j  the  fccond 
circle  is  fuppofcd  to  reprefent  the  appearance  of  the  fame  at  the  orbit  of  the  fecond  5  the 
third,  the  appearance  at  that  of  tlie  third  j  and  the  fmall  one,  the  appearance  at  that  of 
the  fourth,  as  viewed  in  perfpeftive  from  the  earth  5  whilft  the  candle  carried  by  the  arm 
will  be  the  reprefentative  of  the  earth.  Remove  now  the  central  candle,  and  Jupiter's 
remaining  fliadow  will  be  his  fituation  as  viewed  from  the  earth,  coinciding  with  his  real 
Ihadow,  reprefented  by  the  concentric  circles^  as  far  as  the  orbit  of  the  fecond  fatellite,  and 
Xhen  difuniting. 

Hitherto  the  fatellites  themfelves  have  been  difregarded,  and  muft  next  be  placed  in  their 
proper  fituations  by  the  help  of  a  *  nautical  almanac,  thus :  Look  for  the  day,  for  which 
the  fatellitian  is  to  be  redlified,  among  the  configurations  given  in  the  laft  page  of  every 
xnonch,  and  the  relative  apparent  fituations  of  all  die  fatellites,  at  the  hour  fpecified  at  the 
top,  will  be  found  to  the  right  and  left  of  the  central  cypher  which  reprefents  Jupiter. 
When  ihe  numerical  figure  ftands  between  the  reprefentative  point  of  any  fatellite  and  Jn- 
piter,  the  fatellite  is  approaching  him ;  but  when  the  point  is  put  the  nearer,  it  is  reced- 
ing from  him :  alfo,  when  a  fatellite  is  approaching  on  the  right  hand  of  Jupiter,  or  re- 
ceding on  the  left,  it  is  in  its  fuperior  femicircle,  and  is  placed  above  the  centre  of  the  cy* 
pher  *,  but  when  receding  on  the  right,' or  approaching  on  tlie  left,  it  is  in  its  inferior  onet 
and  ftands  higher  than  the  centre.  The  relative  fituations  and  dlredion  of  motion  of  each 
fatellite  being  obferved,  put  them  all  to  their  places  as  near  as  the  eye  can  guefs  by  the 
fiiadows.comjpared  to  .the  points  in  the  almanac ;  then,  having  previoufly  marked  the  grcat- 
cft  elongation  of  the  fourth  with  little  points  on  the  fcreen,  by  means  of  a  fe£tor  or  dia« 
jp'am  of  fimilar  triangles,  make  the  diftance  of  each  ihadow,  from  Jupiter's  centre  on  the 
fcreen,  bear  the  fame  proportion  to  the  diftance  of  each  point  from  the  centre  of  the 
cypher  in  the  almanac,  that  the  greateft  elongation  of  the  fourth  on  the  former  bears  to 
.the  greateft  elongation  of  the  fame  in  the  latter:  this  will  be  attended  with  no  difficulty,^- 
The  reQification  for  the  true  places  of  mean  motion  will  however  be  the  more  accurate  the 

*  The  re6tification  may  be  made  mod  accurately  by  calculating  the  time  of  a  conjunction  of  each  farcinte, 
jfHiOfKX  of  patent^  as  may  be  required,  by  the  help  of  Wargentin'i  Tables,  in  any  given  month :  but  O'eiy 
reader  caoaot  be  fuppofed  to  have  fuch  Tables-,  and  therefore  the  configurations  are  here  fubftituted  u'mf* 
ffrdjjig  a  Biorc  general,  at  well  as  fiuniliar  method.— ^W.  ?• 
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iBaller  the  grand  equation  of  the  (atellitesy  which  depends  upon  Jupiter's  anomaly  at  thr 
lime  of  reAification. 

The  lad  mod  favourable  time  was  on  October  i  r^  i794f  and  the  next  lead  favourable 
will  be  on  July  5,  j8oo:  the  {brmer  will  recur  on  Auguft  2i>  i8c6j  and  the  latter  on 
May  17^  i8i2 ;  and  two  of  each  will  follow  at  nearly  fix  years  diftance  from  each  other 
in  each  revolution  of  Jupiter  afterwards* 

If  the  diameters  of  the  cyphers  in  the  nauticaralmanac^  which  are  too  fmaH,  were  fo  fai^ 
augmented  as  to  bear  an  *  exa£l  proportion  to  the  greateft  elongations  of  the  fatellites  there 
exhibited^  which  appears  to  be  not  the  cafe^  their  apparent  places,  meafured  by  thofe  dia-^ 
meters^  might  be  eafiLy  afcertained'  without  further  trouble  on  any  given  day,  as  well  a^ 
their  true  places  of  mean  motion  at  the  fuitable  times  above  fpecified. 

The  configuration  fig..7.  is.for  half  pad  Cx  P.  M.on  OAober  11, 1794,  where  it  appears^t 
from  what  has  been  already  remaxjced,  that  the  firft  fatellite  is  approaching  Jupiter  in  itSc 
fuperior  femicircle  near  its  greateft  weftcrn  elongation  •,  the  fecond  receding  in  its-inferior  ; . 
and  the  third  and  fourth  receding  each  in  its  fuperior;  the  third  beipg  near  its  greatcIL 
eaCkern  elongation..  The  correfponding  places  of  the  (hadows  on  the  fcreen,  when  the  fa— 
tellitian  is  re£tified  for  this  time,  will  appear  as  in  fig.  8. 

The  (hadows  may  be  made  to  fall  a  little  higher  in  their  inferior  femicircle  than  in  their, 
fuperior,  by  giving  the  inftrument  a  fmall  reclination  with  a  thin  wedge  placed  under  the. 
end  next  the  candle,  or  by  an  adjufling  fcrew  prefling  againll  the  table,  which  tStGt  is^ 
greateft  with  the  fourth. 

In  this. reprefentation  the  fatellites  are  very  nearly  in  thefr  true  places  of  mean  motion,, 
as  well  as  in  their  apparent  places :  therefore,  if  the  fatellitian  be  redlified  for  Saturday 
October  ji,  I794>  at  half  paft  fix^in  the  evening,  by  this  latter  configuration,  and  thp^ 
handle  be  turned  till  the  month^hand  comes  to  the  end  of  February  1796^  before  it  be  put 
back  a  day,  and  thence  forward  to  the  prefent  time  (1798),  provided  the  firft  and  fecond- 
arms  be  alfo  adjufted  for  their  errors  in  motion,  as  already  dire£ted,  the  re^iScation  will: 
be  more  accurate  for  mean  motion  at  prefent  than?  if  made  by  the  almanac  at  any  other 

time. 

Fflom  1794  to  1800  the  di0erence  between  mean  and  apparent  motion  of  the  fatellites, 
rejecting  the  fmaller  equations,  is  increafing ;  and  from  1800,  when  it  will  be  a  maximum,. 
to  1806,  it  will  decreafe,.the  apparent  being  fafter  than  the  mean,  according  to  the  year 
f^r  which  the  fatellitian  is  to  be  ufed:  from  1806  to  181  a  it  will  again  increafe,  after 
which  time  a  deereafe  will  commence  ^  and,  in  a  little  lefs  than  every  fix  years,  the 
increafe  and  deereafe  will  continue  to  be  alternate  for  the  time  to  follow.. 

Laftly :  Put  the  index  of  the  candleftick  to  the  fun's  place  in  the  ecliptic,  and  the  helio- 
centric longitude  of  Jupiter  taken  from  a  nautical  almanac  or  White's  Ephemeris,  imme-^ 
diately  between  the  central  ftem  and  Jupiter  in  the  machine,  by  means  of  a  thread  ftretched' 
and' tied  to  both,  which  will  ferve  as  an  index,  as  well>as  a  guide  for  the  diftance  of  the 

*  The  diameter  of  Jupiter  it  reprefenud  in  theoppofite  extreme  in  the  Encyclopxdia  BritanniGa,  both  in 

(ig«  it.  plate  6z.  aad  in  fig.i??*  P.lat^  79-  though  it  is  faid,  in  vol.  ii.  part  ».  p.  577.  that  «  the  orbits   of 

Jupiter's  moons  are  drawn  in  true  proportion  to  hit  diameter*'  in  the  latter  diagram^  and  are  evideotly  in. 

tcpded  to  be  fuch  in  the  former,— —W«  P* 

candleftick  ^. 


xaft  htftrument  for  exhibiting  JvfiUr  and  hit  Midnt^ 

catxdlefliick}  and  in  tbis  fltuadon  the  rcprefentadves  of  the  Sun,  Earth,  amd  J^iplter,  a» 
alfo  of  the  fatellites,  will  all  be  in  their  relative  fituations  for  exhibiting  the  genend  pheno^ 
mena  of  the  Jovian  as  i  detached  fyftem. 

But  before  I  give  a  particular  defcription  of  thefe  phenomena  as  they  will  he  exiribited 
by^  the  (atellitian,  the  reader  will  perhaps  form  a  more  accurate  conception  of  the  extent 
of  its  application,  if  a  fummary  account  be  firft  giren  of  thofe  minute  irregularities  in  the 
motions  of  the  fatelli^eSj  which  no  fimple  machinery  can  be  fnppofed  to  reprefent. 

The  fatellites  of  Jupiter  were  difcovered  by  Galileo  in  January  1610,  and  called  A/a£- 
,  ceanjtarsy  in  honour  of  Cofmo  Medici  great  duke  of  Tufcany.  This  aftronomer  conti- 
nued his  obfcrvations  upon  them  for  27  years,  till  unfortunately  the  lofs  of  fight  fruftrated 
the  fruit  of  his  continued  labours.  In  1663  BorclU  publldied  a  theory  of  the  Medicean 
Stars,  but  had  not  acquired  data  fuflicient  for  afccrtaining  the  exa£l  quantities  and  qualities 
of  their  motions. — After  him  Caflini,  in  the  year  1668,  favoured  tlie  world  with  "  Tables 
of  the  Motions  of  Jupiter's  Satellites,"  which  were  improved  and  edited  by  him  again  in 
1693.  Thefe  Tables  have  fince  that  time  been  rendered  ftill  more  accurate  by  Meflirs. 
Hadley,  Pound,  Bradley,  &c.  as  alfo  by  the  French  altronomcrs,  and  laftly  by  Wargentin 
the  Swedifh  aftronomer,  whofe  beft  Tables  are  now  ufed  in  calculating  the  immerfions 
and  emerfions  given  in  the  nautical  almanac.-— Tlie  times  of  the  mean  periodical  rerolu- 
tions  have  been  already  mentioued  \  but  they  are  fubjeft  to  fuch  inequalities  of  motion  as 
require  the  following  equations  for  afcertaining  tlieir  apparent  places  :  viz. 

I.  For  the  light  which  depends  upon  Jupiter's  eccentricity  :  2.  For  the  light  which  de- 
pends upon  his  change  of  place  in  his  orbit :  3.  For  his  anomaly  :  4.  For  the  mutual  gravita- 
tion of  the  three  firft,  the  period  of  which  is  upwards  of  437  days :  5.  For  a  period  of  12 
years  for  the  third,  accruing  from  an  unknown  cnufe  :  6.  For  a  fimilar  period  for  the 
fourth,  accruing  from  its  eccentricity :  7.  For  the  variable  inclination  of  the  orbit  of  the 
fecond ;  and,  8.  for  apparent  time. — The  greateft  or  grand  equation,  which  depends  upon 
Jupiter's  anomaly,  has  been  (hewn  to  be  diiTcrent  in  difierent  years  :  with  the  firft  fatellite 
it  is  poflible  for  at  to  amount  to  i  h.  i8min.  16  fee;  with  the  fecond,  to  2h.  37  min. 
12  fee. ;  with  the  third,  to  5  h.  \6  min.  32  fee. ;  and  with  the  fourth,  to  12  h.  20  min. 
34  fee.  at  a  certain  time  in  fome  particular  years  above  fpccified|  though  in  others  it  may 
be  nothing. 

From  meafurcments  of  the  greateft  elongations  of  thefe  fatellites,  taken  by  a  microme* 
ter,  it  does  not  appear  certain  that  their  orbits  are  elliptical,  except  that  of  the  fourth :  the 
others,  however,  are  by  analogy  fuppofed  to  be  fuch,  though  the  ellipfes  are  fo  like  circles 
that  they  may  be  confidered  as  fuch,  even  in  calcubtions,  without  any  apparent  error« 
The  diameters  of  thefe  orbits,  when  viewed  from  the  earth,  fubtend  but  very  fmall  angles  ; 
viz.  the  firft  fubtends  3' 55'';  the  fecond,  6^  14";  the  third,  q'sS^'j  and  the  fourth, 
17'  30''. — The  diameters  of  each  of  the  fatellites  themfelves,  compared  to  that  of  Jupiter, 
fcem  not  to  be  accurately  known.  Mr.  Herfchell's  obfcrvations  make  that  of  the  firft  to  be 
not  quite  ,\  of  a  fecond ;  whereas,  before  his  notice,  they  were  each  confidered  to  fubtend 
an  angle  more  than  double  this  quantity ;  for  their  diameters  were  eftimated  at -j^  or  il^of  * 
Jupiier.     Future  obfcrvations  muft  determine  this  point. 
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In  obfcrvtng  the  eclipfcs  of  Jupiter's  fatellites  by  his  fliadow,  it  has  been  found  that  the 
duration  of  an  eclipfe  of  csfch  is  longer  at  fome  times  than  at  others  :  that  in  fome  in- 
ftances  a  fatellite  paiTes  through  the  centre  of  the  (hadow,  which  is  fuppofed  to  be  a  litcie 
cunical,  but  at  others  through  onljr  a  chord  of  its  circular  fe£lion ;  hence  an  inclination  of 
each  of  their  orbi  s  ro  that  of  Jupiter  has  been  provedi  and  calculated  to  be  as  follows  : 
Of  the  firfti  about  2^  55s  the  afcending  node  being  at  reft  near  the  middle  of  Aquarius; 
of  the  fecond,  Tariable  from  i^  5o'<in  16(8,,  to  ^^  ^i*  (in  i"is),  the  afcendmg  node  being 
at  reft  about  5<>  of  Aquarius ;  of  the  third,  variable  from  3^  (in  1695),  to  jf*  24'  ^in  176^), 
its  afcending  node  being  about  25^58'  of  Aquarius  ac  this  time  (i;98),  and  moving  for- 
wards eight  minutes  in  a  year ;  and  of  the  fourth,  about  2^  40',  which  is  very  little  vari« 
able,  the  afcending  node  being  about  the  middle  of  Aquarius. 

The  apojove  of  the  fourth  is  at  about  24^  **  of  Aries  (1798),  and  moves  forward  about 
50  in  five  years. 

The  dura:  ion  of  an  eclipfe  is  the  greateft  at  the  nodes  and  fmalleft  at  the  limits:  that  of 
the  fiift  varies  from  2  h.  16  min.  to  2  h.  7  min.  40  fee  \  of  the  fecond,  from  2  h.  51  min. 
70  fee.  to  2  h.  13  min.  4  fee.  5  of  the  third,  from  3h.  35  min.  40  fee.  to  1  h.  2  rain.  32  fee. ; 
and  of  the  fourth,  from  4  h.  46  min.  to  o  h.  o  min.  o  fee. 

The  two  oppofite  points  of  the  ecliptic,  cue  by  the  plane  of  each  orbit  extended,  are 
called  the  geocentric  nodes  ;  and  a  fatellite  appears  to  move  in  an  exa£i  ftraight  line 
only  when  the  earth  is  in  one  of  thofe  ;  for  at  other  (ii nations  of  the  earth  the  track  of 
each  appears,  though  in  a  fmall  degree,  elliptical,  and  the  more  fo  ihe  farther  the  earth  is 
iremoved  from  their  nodes :  this  ii  moft  apparent  with  the  fourth,  notwithftanding  the 
nodes  are  all  in  the  fame  figns,  by  reafon  of  the  greatnefs  of  its  orbit ;  for,  when  near 
either  limit,  it  entirely  efcapes  an  occultation,  nor  is  eclipfed  if  removed  above  52^  from 
either  node.  1  his  happens  to  be  the  cafe  this  year,  and  wil!  continue  fo  nearly,  if  not 
quite,  throughout  the  next ;  and  recurs  for  nearly  two  years  and  a  half  in  every  fix. 

The  line  in  which  the  fatellites  appear  is  nearly  horizontal,  as  on  the  fcreen,  when  Ju- 
piter is  on  the  meridian,  but  becomes  the  more  oblique  the  farther  he  is  removed  there- 
from. 

m 

1-he  greateft  fart  of  thefe  inequalities  and  peculiarities  of  motion,  as  well  as  their  rota- 
tion^ will  not  be  attempted  to  be  illuftrated  by  the  fatellitian,  but  fuch  phenomena  only 
as  are  ^iemonftrable  to  the  eye  of  an  obferver  independently  of  calculations,  and  which- 
therefore  may  be  confidered  as  the  moft  proper  fubje£ls  of  illuftration  by  machinery. 

After  having  given  a  defcription  of  the  fatellitian  and  its  appendages  \  of  the*,metbod  of 
re£lifying  it  for  ufe ;  and  of  the  principal  minutix  relating  to  the  motions  of  the  fatellites ; 
I  come  now,  in  the  laft  place,  to  particularize  thofe  phenomena  to  be  illuftrated,  which  a 
telefcope  of  a  moderate  magnifying  power  for  celeftial  objeds  will  prefent  to  the  obferva? 
tion  of  a  fpedator,  and  which  afford  a  perpetual  fource  of  amufement  to  any  perfon  who 
is  in  pofteflion  of  a  good  inftrument.  It  is  neceflary  however  to  make  this  previous  re- 
mark, that  if  the  telefcope  invert  the  ohjeA,  the  pofterior  furface  of  the  fcreen  muft  be 
viewed  ;  but  if  it  ftiew  it  dired,  the  anterior  will  be  proper. 

When  the  fatellitian  is  properly  reftified,  the  fcreen  fixed  and  marked,  and  the  candle- 

ftick  adjufted  with  only  one  candle^  the  central  one  being  removed,  each  turn  of  the 
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liandTc  will  produce  one  day^s  motion  of  cVcry  fatcllltc  \  and  a  continuation  of  flow  rcgu&r 
turns  will  produce  ap!*aCng  view  of  the  following  phenomena  \  sn* 

I.  '^Thc  fliadows  will  move  in  nearly  a  ftraight  line. 

2/  Some  in  a  dirc£l  and  others  in  a  retrograde  dircfliom 

•3.  The  moll  diftant  will  frequently  appear  the  neareft  to  Jupiten 

4.  Near  Jupiter  they  will  move  the  quickeft,  andfloweft  near  tlieir  grcateft  elongation^ 
where  they  become  ftationary  for  a  fliort  time. 

5.  Their  greateft  elongations  will  be  a  Kttle  before  quadrature,  when  weft  ;.  and  after^ 
when  «aft  of  Jupiter.     , 

6.  Hencxj  it  will  appear,  that  the  fuperior  portion  of  each  orbit  is  greater  than  the 

inferior. 

7.  Whether  to  the  eaft  or  weft  of  Jupiter,  their  motions  will  be  dire£{  in  the  fuperior^ 
and  retrograde  in  the  inferior,  parts  of  their  orbits. 

8.  When  pafling  between  Jupiter  and  the  earth  (candle)  they  will  tranCt  him. 

9.  When  paffing  the  fame  line  in  their  fuperior  fcmicirclc  they  will  fuflFer  an  occulta- 

tion. 

10.  When  paffing  through  the  four  concentric  circles  they  will  be  eclipfed. 

I I .  The  mean  or  apparent  times,  accordingly  as  the  inftrnment  may  be  ref^ified,  of  eacb 
of  thcfe  phenomena,  will  be  pointed  out  by  the  hour-hand,  the  name  of  the  day  by  the 
week-hand,  and  the  day  of  the  month  by  the  .month-hand,  in  each  year. 

12.  If  the  candleftick  is  adjufted  frequently  for  the  fun*s  place  and  Jupiter's  heliocentric 
longitude,,  the  folar  fhadow  will  appear  to  alter  its  fituation  to  the  right  and  left  of  Jupi-^ 
ter,  as  he  approaches  to  or  recedes  from  conjun£lion  or  oppofition. 

13.  The  reafbn  will  be  evident,  from  the  concentric  circles,  why  an  immeriion  or  in- 
grcfs  into  Jupiter's  fhadow,  and  a  fnbfequent  emerfion  or  egrefs  out  of  it,  never  both  hap- 
pen with  the  firft  and  *  fecond  fatellites  ;  nor  with  the  third,  if  Jupiter  is  within  46®  of 
eppoGtion  to,  or  conjunction  with,  the  fun  i  nor  with  the  fourth,  if  that  diftance  is  lefr 
than  24^ 

14.  It  will  be  likewise  evident  why  an  immerCon  only  is  vifible  of  the  firft  and  fecond 
fitellites  from  a  conjunif^ion  to  an  oppofition  (fig.  tf.),  why  an  occultation  and  eclipfe  may^ 
be  coincident  when  at  oppofition  (fig»  5.),  and  why  an  emerfion  only  is  feen  from  an  op* 
pofitionto  a  conjundlion  (fig.  4.)* 

15.-  If -a  proper  reclinatlon  be  given  to  the  fatellitian  in  this  and  on  the  next  year,  and 
alfo  on  every  fixdi  and  leventh  year  hence,  the  fourth  fatellite  will  neither  be  ecJipfed  nor 
fofFer  an  occultation. 

1 6.  If  a  candle  be  now  placed  in  each  focket  of  different  lengths,  as  is  reprefented  in? 
fig.  3*  the  (hadbw  of  the  central  one  to  cover  the  concentric  circles,  there  will  be  two  rovrr 
of  fliadows  on  the  fcreen  above  one  another,  one  of  which  will  repre&nt  the  heliocentricyi 
and  the  other  die  geocentric,  places  of  the  fatellites. 

*  An  immerfion  and  fubfequent  emerfion  may  be  feen  of  the  fecond  fatellite,  provided  it  be  near  one  of  it» 
limits  at  the  fame  time  that  Jupiter  is  near  both  his  perihelion  and  ^jiadnfUrt  with  the  Am  i  but  this  will 
ve7  fiicly  happen**— W.  P. 

11.  Henc^ 
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17.  Hence  it  will  appear,  that  an  eclipfe  feen  from  the  earth  is  an  occukation  feen  from 
the  fun. 

18.  That  an  eclipfe  is  never  viCble  at  tne  fun. 

19.  And  chat  the  (hadow  of  a  fatellite,  as  feen  from  the  earth,  falls  on  Jupiter  fongie^ 
times  before,  fometimes  after,  and  fometimes  at  its  tranfit,  according  to  the  relative  litua* 
tions  of  Jupiter,  the  fun,  and  earth. 

20.  If  the  central  candle  only  be  fufiered  to  remain,  and  the  little  balls  themfdves  be 
-viewed  in  an  oblique  dire<Slion,  the  reafon  will  be  apparent  why  the  fatellites  are  fcca 
lunated  from  Jupiter ; 

21.  And  alfo  Jupiter  lunated  when  feen  from  them ; 

22.  But  neither  of  them  lunated  when  feen  from  the  earth  or  fun. 

23.  It  will  alfo  be  evident  why  the  fun  is  frequently  eclipfed  to  tlie  inhabitants  of  Jupi- 
ter by  the  fliadows  of  his  fatellites. 

24.  And,  laftly,  why  the  fatellites,  as  feen  from  the  earth,  do  not  eclipfe  one  another. 
Thefe,  and  perhaps  other  phenomena  not  fpecified  here,  will  be  illuftrated  by  the  fatel- 

litian  in  fo  diftin^  a  manner,  as  to  convey  to  a  fpeflator,  who  may  compare  the  apparent 
motions  of  the  (hadows  to  the  real  motions  of  the  little  balls,  a  clear  conception  of  the  re- 
lation that  the  apparent  motions  of  Jupiter's  fatellites,  as  viewed  from  the  earth  with  a  te- 
lefcope,  have  to  their  true  circular  motions,  as  viewed  by  the  inhabitants  of  Jupiter.  But 
though  a  clear  conception  may  thus  be  formed  by  a  fpe£lator  of  the  true  and  apparent 
motions  of  the  fatellites  as  they  regard  Jupiter  himfelf,  yet  he  mu(i  be  informed  that  the 
real  track  in  which  they  move  round  xhtfun  along  with  Jupiter,  the  progrelEve  centre  of 
their  detached  fyftem,  is  neither  circular  nor  elliptical,  but  in  a  line  which  crofTes  Jupiter's 
track  in  a  finuofe  manner,  more  or  lefs  frequently  as  their  periods  are  Ihorter  or  longer. 
As  the  velocity  of  the  firft  and  fecond  fatellites  esCceeds  the  velocity  of  Jupiter,  they  are 
not  only  apparently,  but  really  retrograde  in  fome  part  of  every  revolution  5  on  which  ac- 
count their  tracks  form  loops  which  are  alternately  concave  and  convex  towards  the  fun  ; 
the  concavity  being  greater  than  the  convexity  :  but  as  the  velocity  of  Jupiter  exceeds  that 
of  the  third  and  fourth,  thefe  are  not  really  but  only  apparently  retrograde  at  the  inferior 
femicircles :  on  this  account  their  tracks  are  always  concave,  except  at  their  (lationary 
points,  which  projeft  and  divide  the  concave  fpaces.  Thefe  real  tracks  will  eafily  be  com- 
prehended, if,  while  the  fatellites  are  in  motion,  Jupiter  himfelf  be  alfo  conceived  to  have 
a  dire£l  motion  flower  than  the  two  firft,  but  quicker  than  the  two  laft. 

If  now,  after  what  has  been  faid,  we  conceive  ourfelves,  like  the  philofophical  poet  *, 
conveyed  into  the  regions  of  Jupiter  and  his  fatellites,  we  (hall  with  him  find  caufe  for 
adoring  the  power,  wifdom,  and  goodnefs  of  the  Almighty  Creator  !  When  we  confidcr 
that  Jupiter,  the  diameter  of  which  planet  is  more  than  ten  times  larger  than  that  of  our 
earth,  has  a  rotation  on  its  axis  in  the  fmall  fpace  of  nine  hours  and  fifty-fix  minutes,  we 
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remote  from  day's  all-chccring  fource. 


*^  Large  Jupiter  pcrForras  hU  conAaAt  courfc  : 

•'  Four  friendly  moons  with  borrow 'd  luJ>rc  rife, 

♦*  Bcftow  iheir  beams  benign,  and  light  his  ikici.*'     BakEK'j  Univexfe* 

S  a  mud 
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inuft  perceive,  that,  without  the  aflSftance  of  fome  other  luminary  bcfiJcs  the  fun,  total 
darknefs  would  be  the  lot  of  his  inhabitants  for  nearly  five  hours  in  every  ten. —  ^gain^ 
if  we  confidcr  that  Jupiter's  year,  or  periodical  revolution,  contains  4332  d.  8  h.  51^  min. 
of  our  time,  or  22936,43+  of  his  own  days,  and  that  he  has  no  fenfible  change  of  feafons, 
by  reafon  of  the  nearly  perpendicular  direftion  of  his  axis,  the  inclination  of  which  is  only 
I''  20',  we  ijiuft  fee  that  the  number  of  his  days  in  his  year  might  frequently  be  loft,  with- 
out fome  intermediate  remembrancers  between  thofe  two  very  diftant  extremes  :  accord- 
ingly, the  Omnipotent  Father  of  the  creation  has  provided  a  remedy  for  thefe  inconve- 
niences :  he  has  furniflied  Jupiter  with  thefe  four  moons  to  cheer  his  inhabitants  with 
light  in  the  frequent  abfence  of  the  fun*s  rays,  and  to  prefent  them  with  four  different 
kinds  of  months,  like  oar  years,  months,  and  weeks. 

Of  the  firft  kind  of  months  in  Jupiter's  year  there  are  244,97  +  >  ^^^'^  ^^  which  con- 
tains 9,36+ of  his  days  ;  of  the  fecond  kind  there  are  121,89+,  each  containing  i8,8i  +  ; 
of  the  third  kind  there  are  60,45+,  each  comprifing  37,94+  ;  and  of  the  fourth  kind 
there  are  only  25,85  +,  each  of  which  comprifes  88,68  +  of  his  days  ;  fo  that  each  fliorter 
month,  particularly  of  the  three  firft  kinds,  is  very  nearly  double  the  next  longer ;  and  may 
be  confidered  as  exa£lly  fuch,  in  counting  time  by  divifions  and  fubdivifions  of  months,  by 
the  help  of  intercalary  days. 

But  bcfides  thefe  ufes  of  Jupiter's  fatellites,  and  others,  perhaps,  which  our  limited  ca- 
pacities can  never  comprehend,  there  are  three  very  confiderable  advantages,  which  the 
inhabitants  of  our  globe  poflefs,  accruing  from  the  obfervations  which  have  already  been 
made  upon  them }  viz.  an  accurate  knowledge  of  the  parallax  of  the  earth's  annual  orbit ; 
of  the  real  velocity  of  light ;  and  of  an  eafy  method  of  afcertaining  the  longitude  of  places 
by  land ;  al)  which  are  explained  in  the  different  books  upon  aftronomy  : — fo  true  is  it 
throughout  the  whole  grand  (cale  of  nature^  that  no  individual  part  is  without  its 
utility. 

Lificolftj 
March  ic,  1798. 


VI. 

ObjeBions  to  the  Opinion  ofFrofeffor  Spallanzani  refpeEftng  the  Caufe  of  the  Light  of  Notuml 
Phofphori,     Communicated  to  Mr.  John  Fabbronij   Sub^Direiior  of  the  Royal  Mufeum  of 

Florengi.    By  M.  Joachim  CARRADORJ>y  M.  D;* 

T  length  the  bypothefis  of  Goettling  is  entirely  deftroyed,  in  confequence  of  the 
refutations  o£  various  celebrated  authors,  and  among  them  Spallanzani*  Tou  may  perhagt 
recoiled^  that  I  foretold  its  (hort  duration,  and  I  pointed  out  to  Brugnatelli,  at  its  firft  ap- 
pearance, feveral  proofs  of  its  falfity,  which  might  be  deduced  from  the  very  experiments 
it  was  built  upon. 

Though  the  refutation  of  Spallanzani  f  has  not  the  merit  of  being  the  firft^  ita  excellence 


A 


*  Annales  de  Chimie,  zziv.  216. 

t  Cbimico  Efame  del  Cittadino  Spallanzani.    Mbdena*     X796* 

cannot 
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cannot  be  difputeJ.  I  have  read  this  fliort  treadfe  with  pleafurc>  from  the  many  excellent 
and  amufing  points  of  knowledge  it  contains.  But  on  perufing  it  with  a  certain  degree 
of  attention,  I  cannot  avoid  making  feveral  obfervations  which  the  fa^s  appear  to^ 
demand. 

It  appears  to  me  that  Spallanzani  fuppofes  himfelfto  be  the  iirft  who  obferved  that 
water  has  the  property  of  abforbing  oxygen  from  the  air  of  the  atmofpherc.  For  at  the 
1 14th  page  of  his  book,  he  fays  :  Trovai  pertanto  che  I'acqua  e*  un  mezzo  di  decomporre 
Tarie,  come  io  fono  il  fosforo  di  Kunckel  e  i  fulfuri  alcalini ;  m^  ella  agifce  con  eftrema  len** 
tezza.  "  I  found,  however,  that  water  is  a  medium  for  decompofing  the  air  in  the  fame 
manner  as  Kunckel's  phofphorus,  or  the  alcaline  fulphurets ;  but  it  a£ls  with  extreme 
flownefs." — But  this  faft  was  already  known  to  Scheelc  (Treatife  of  Air  and  Fire),  and  con- 
icquently  the  honour  of  this  difcovery  is  his  right.  He  was  the  firft  who  obferved  that,. 
by  "keeping  a  bottle  of  atmofphcric  air  inverted  over  water  for  feveral  days,  the  water 
gradually  rifes*,  the  volume  of  air  is  diminifhed,  and  azotic  gas,  or,  as  it  was  then  called,, 
phlogifticated  air,  remains  alone.  It  is  furprifing  that  Spallanzani  fhould  not  be  aware  o£ 
this  ;   or,  if  he  knew  it,  that  he  (hould  have  omitted  mentioning  it. 

I  have  very  important  fa£ts  to  ftate  againft  his  theory  of  natural  phofphori.  It  is  long 
fince  I  iirft  obferved  that  the  phofphoric  wood  not  only  fliines  under  water  and  under  oil, 
but  even  in  the  barometric  vacuum ;  which  obfervations  are  related  in  the  fecond  volume 
of  my  theory  of  heat.  If  the  phofphoric  wood  require  air  to  enable  it  to  (hine,.  how  can 
it  continue  to  emit  light  under  oil,  where  the  vital  air  neitlier  exifts  nor  can  have  accefs  i 
I  muft  likewife  remark  the  difference  which  Spallanzani  has  obferved  between  the  urinous 
phofphorus  and  that  of  wood ;  namely,  that  when  the  former  is  entirely  furrounded  by 
any  pure  mephitic  air,  it  immediately  ceafes  to  give  light ;  whereas  the  other  being  placed 
it^ure  azotic  air  continues  to  (bine  daring  fix  minutes,  and  does  not  entirely  lofe  its  light 
till  half  an  hour  afterwards. 

When  Spallanzani  introduced  phofphoric  wood  into  vital  air,  or  oxygen  gas,  how  did  it 
happen  that  he  omitted  to  obferve,  whether  by  its  fhining  in  that  fluid  for  a  confiderable. 
time,  there  was  no  diminution  of  volume,  as  he  obfenred  that  this  diminution  took  place 
when  the  phofphoric  flies  (lucciole)  were  placed  therein  ? 

The  luccioloni,  or  glow-worms,  as  well  as  the  lucciole,  ihine  under  oil.  I  have  ob-. 
ferved  a  luminous  fly  continue  to  (hine  pcrfe£l]y  for  a  quarter  of  an  hour  in  the  barometric- 

vacuum. 

Spallanzani  found  that  the  phofphorus  of  thefe  flies  ihines  much  more  in  o&ygen  gas 
than  in  the  air  of  the  atmofphere,  and  is  totally  extinguifhed  by  air  not  capable  of  main- 
taining combuftion.  But  how  can  we  explain  their  ihining  under  oil  for  hours  together  ?' 
The  fa£k  is  certain,  becaufe  I  have  repeated  the  experiment  with  many  variations  ;  fortie-- 
times  by  putting  the  phofphoric  flics  entire  beneath  the  oil,  and  fometimes  the  phofphorus. 
only  detached  from  the  infcA,  and  even  cru(hed. 

This  obfervation  muft  be  well  known  to  you,  fince  I  communicated  it  la  ft  year  to  the 
Royal  and  Oeconomical  Society  of  Florence,  iamy  Memoir  on  the  Lucciole  ;  and  it  will: 
be  equally  known  to  the  whole  fcientific  world,  as  it  will  be  published  in  th^  xiiith  volume- 
of  the  Chemical  Annals  of  the  cckbra^d  Brui^natclli. 

The 
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The  experiment  of  placing  the  luminous  flies  in  oxygen  is  not  new.  Tt  was  lefore 
made  by  Forfter;  for  which  fee  his  Theory  of  Heat,  and  the  Journal  de  Rozier  for  1784. 
He  obferved  that  they  give  much  more  heat  in  this  fluid,  not  only  at  intervals,  but  con- 
tinually. M.  Forfter  moreover  aflures  us,  that  he  difcovered  the  organs  of  refpiration  in 
tfaofe  infefls,  which  M.  Spallanzani  could  not  find*  He  defcribes  them  precifely,  by  ob- 
ferving  that  in  each  of  the  luminous  rings  there  are  two  air  paflages,  furnifhed  with  val- 
vules at  their  apertures,  and  that  thefe  paflages  are  loft  in  the  interior  ftruQure  of  the 
animal. 

I  have  feen  two  fpecies  of  luccioloni,  or  (hining  worms  \  namely,  a  larger  and  a  fmaller, 
of  which  I  have  given  a  flight  defcription  in  my  Theory  of  Heat,  where  I  fpeak  of  pliof- 
phori.  The  firft  fpecies  alfo  differs  from  the  fecond  in  colour ;  the  former  being  nearly 
grey,  and  the  latter  nearly  black.  The  firft  have  much  luminous  matter  in  the  three  laft 
rings ;  and  the  others  have  lefs  in  the  laft  ring  but  one.  Thefe  may  perhaps  have  been 
..the  fpecies  obferved  by  the  Naturalift  of  Pavia.  Both  fpecies  conceal  their  phofphorus  at 
pleafure  with  the  utmoft  facility.  They  feem  therefore  to  be  aware  of  its  efiefts,  parti- 
cularly the  fecond  fpecies. 

It  is  not  true,  as  certain  naturalifts,  as  well  as  M.  Spallanzani,  pretend,  that  the  lucci- 
oloni  and  lucciole  are  animals  of  the  fame  fpecies,  different  only  in  fex,  that  is  to  fay,  that 
the  former  are  the  males,  and  the  latter  the  females.  I  can  affirm  that  I  have  feen  the  luc* 
dole  pregnant,  with  the  abdomen  filled  with  eggs :  and  this  part,  which  before  was  fo  lumi- 
nous, had  its  phofphoric  part  very  much  diminiflied,  being  reduced  to  merely  two  points, 
and  two  fmall  lateral  portions.  The  lucciole  begin  to  difappear  precifely  at  the  time  of 
their  pregnancy,  which  is  the  caufe  why  they  conceal  themfelves.  If  they  be  fought  for 
among  the  grafs  and  underwood,  they  are  found  in  tliis  ftate*. 

If  it  be  certain  then  that  phofphoric  wood,  the  luccioloni  and  the  lucciole  continue^ 
Ihine  under  oil»  it  muft  be  admitted  that  this  light  does  not  arlfe  from  a  flow  combuftion, 
as  Spallanzani  pretends,  becaufe  oil  contains  no  air  to  fupport  it.  This  is  the  legitimate 
and  immediate  confequence  which  muft  follow  from  this  experiment,  and  cannot  be 
refufed.  The  experiments  of  Spallanzani  lead  to  peculiar  confequences,  though  difl^erent 
from  thofc  he  has  deduced.  It  4s  poflible  that  the  unrefpirable  air  may  a£t  in  a  particular 
manner  on  thefe  phofphori,  which  may  be  capable  of  preventing  the  emanation  -of  their 
lights ;  and  that  oxygen,  by  a  particular  acSlion  of  a  contrary  kind,  may  augment  it. 

Why  fliould  it  be  difputed  that  the  different  airs  may  produce  peculiar  effidls  on  thefe 
fubftances,  with  which  we  are  not  yet  acquainted  ?  To  Spallanzani  will  be  due  the  honour 
of  firft  obferving  them.  In  the  {ame  manner  as  various  fluids  are  pernicious  to  natural 
phofphori,  and  prevent  their  (hining,  why  may  not  the  air  produce  the  fame  eflcft  ?  I  have 
ifound  by  experiment,  that  the  phofphorus  of  the  lucciole  is  fuddenly  extinguiflied  if  they 
be  plunged  in  alcohol,  or  in  vinegar ;  but  continues  to  fliine  in  oil  in  the  fame  manner  as  in 
water  and  in  air* 

It  may  be  obje£ied  to  me,  that  Spallanzani  has  made  the  experiment,  that  the  phofpho- 
rus of  the  (hining  worms  produces  a  diminution  of  volume  in  oxygen  gas,  at  the  fame  time 
that  their  light  is  increafed ;  whence  it  ought  to  be  concluded  that  the  procefs  is  analogous 

*  Sec  the  note  No.  i.  p.  78.  torn.  Vu  of  my  Theory  of  Heat.    C. 

o  to 
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to  comBudion.  But  this  confequence  Is  not  certain.  How  many  fubftancei  are  there 
which  have  the  property  by  their  emanations  of  altering  vital  air,  in  the  fame  manner  as 
combudion,  which  ncverthelefs  do  not  burn  nor  emit  light?  The  fame  may  be  the  cafe 
with  the  phofphoric  matter  of  thefe  infedls. 

There  is  not  a  perfe£l  analogy,  as  Spallanzani  pretends,  between  the  phofphori  he  has 
obferved  and  the  urinous  phofphorus,  becaufe  the  latter  does  not  (hinebut  at  a  certain  heat  \ 
whereas  the  natural  phofphori  iliine  at  any  temperature  whatever,  provided  it  be  not  fo 
great  as  to  alter  their  fubdance.  This  proves,  in  my  opinion,  that  the  light  is  not  an  efieQ 
of  combudion  (  for  every  combudion  requires  a  more  or  lefs  elevated  degree  of  heat. 

With  regard  to  the  explanation  given  by  Spallanzani  of  the  change  of  wood  into  the. 
luminous  matter,  which  fuppofes  that  the  hydrogen  and  carbon,  being  fet  at  liberty,  attraA 
oxygen  ;  I  will  venture  to  fay,  on  the  (Irength  of  my  experiments,  that  it  is  not  probable. 
Jt  is  certain  (for  I  have  obferved  it  myfelf,  and  probably  fome  others  before  me),  that* 
wood,  when  luminous,  has  almoft  totally  loft  its  refmous  part,  and  that  confequently  in  that 
ftate  it  retains  fcarcely  any  cither  of  the  carbonic  or  hydrogenous  principle*,  to  which  its- 
combuftibility  was  owing.  And  in  fa£l,  fuch  wood  as  has  become  luminous  is  with  dif-- 
'  ficulty  burned  in  the  fire,  and  produces  no  flame,  as  every  one  may  try.  Indeed  it  cannot 
%c  otherwife ;  for  the  progrefs  of  putrefa£lioQ,  which  reduces  it  to  that  ftate,  muft  have, 
dteprived  it  of  much  of  its  component  parts  \  particularly  the  moft  volatile,  fuch  as  hydros 
gen.  Befides  which,  as  I  obferved  fome  montl^is  ago  to  Brugnatelli,  I  think  very 
differently  from  Spallanzani  with  regard  to  the  conftitution  of  thefe  fubftances  ^  namely,, 
that  they  become  phofphorefcent  in  proportion  as  they  have  loft  their  inflammable  prin*- 
cijde,  and  that  the  property  of  abforbing  and  retaining  the  light  depends  on.  that  circums- 
tance. 

My  opinion  may  be  extended,  in  preference  to  that  of  Spallanzani^  to  the  caufe  of  the 
phofphoric  property  of  animals  \  for  it  is  more  reafonable  :-  becaufe  we  cannot  imagine 
that  their  lutninous  matter  is  either  reGnous  or  oily,  and  confequently  is  not  inflammable  ^ 
Beither  can  It  contain  much  carbon  or  hydrogen*.  See  my  Memoire  on  the  Lucciole,  Ann. 
Chim.  et  Hiftoriques  de  Pavie,  tom.  xiii*. 

If  the  lucciole  Qiine  beneath  the  water,  as  Sjpallanzani  maintains,  becaufe  the  oxygen  gas. 
contained  in  water  ferves  to  maintain  their  combuftion,  why  does  not  the  phofphorus  of 
Kunckel  aUa  (hine  beneath  that  fluid  i.  It  was  likewife  neceflary  to  have  exhibited  fome 
experiments  in  fupport  o£  that  opinion ;  as  for  example,  to  have  (hewn  that  the  phof«- 
phorus  of  thofe  animals  alters  or  abforbs  the  vital  air  contained  (uncombined)  in  water>. 
and  that  water  which,  does  not  contain  it  is  not  capable  of  caufing  them  to  ihine. 

Pavloy 
^/n/ 15, 1797^ 

f  Of  what  prindplei,  then,  ii  this  vegetable  refiduc  compofed  ^    N*. 
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VII. 

Slctch  of  the  Hijiory  ofSngar,  in  the  early  Timely  and  throufrh  the  Middle  Ages  f#). 

By  IV .  tALCONSR^  M.D.  F.R.S.  (sTc.  Iffc. 

J.  H  E  ufe  of  fuc^ar  is  probably  of  high|  though  not  remote  antiquity,  as  no  mention  of 
it  is  made,  as  far  as  1  can  find,  in  the  facred  writings  of  the  Old  Teftament  ijf)  The  con- 
quefts  of  Alexander  feem  to  have  opened  the  difcoveiy  of  it  to  the  weltern  parts  of  the 

world. 

Nearchus  *^  his  admiral,  found  the  fugar  cane  in  the  Eall  Indies,  as  appears  from  hit 
.    account  of  it,  quoted  by  ^trabo  (c)      It  is  not,  however,  clear,  from  what  he  fays,  that  any 
art  was  ufed  in  bringing  the  juice  of  the  cane  to  the  confidence  of  fugar. 

Theophraftus  f,  who  lived  not  long  after,  feems  to  have  had  fome  knowledge  of  fugar,  at 
lead  of  the  cane  from  which  it  is  prepared.  In  enumerating  the  different  kinds  of  honey, 
he  mentions  one  that  is  found  in  reeds  {d)j  which  mud  have  been  meant  of  fome  of  thofe 
kinds  which  produce  fugar. 

Eratofthenes  X  alfo  is  quoted  by  Strabo  {e\  as  fpeaking  of  the  roots  of  large  reeds  found 
in  India,  which  were  fweet  to  the  taite  both  when  raw  and  when  boiled. 

The  next  author,  in  point  of  time,  that  makes  mention  of  fugar,  is  Varro  $,  who,  in  a 
fragment  quoted  by  ifidorus  (  /),  evidently  alludes  to  thib  fubdance.  He  defcribes  it  as  a 
fluid,  prefTed  out  from  reeds  of  a  large  fize,  which  was  fweeter  than  honey. 
■  Diofcorides  {g)  ||,  fpeaking  of  the  different  kind^  of  honey  fays,  that  "  there  is  a  kind  of 
'<  it,  in  a  concrete  date,  caHcd  fatcharon^  which  is  found  in  reeds  in  India  and  Arabia 
^<  Felix.  This,  he  adds,  has  the  appearance  of  fait ;  and,  like  that,  is  brittle  when  chewed. 
^*  It  is  beneficial  to  the  bowels  and  domach,  if  taken  iiiifolved  in  water ;  and  is  alfo  ufeful 
**  in  difeafes  of  the  bladder  and  kidneys.     Being  fpiiukied  on  the  eye,  it  removes  thofe 

{^i)  Mancheftcr  Memoirs,  iv.  291. 

(^)  Since  writing  the  above,  I  have  obferved  that  the  pu>eetcane  is  mentioned  in  two  places  of  fcripture,  and 
in  both  as  an  aniclc  of  merchandize.  It  does  not  ilem  to  have  been  the  produc:  of  Judca,  as  it  is  fpokcn  of 
as  coming  from  a  far  country.  Ifaiah,  chap,  xliii.  v.  24.  Jeremiah,  chap  vi.  v.  20.— Jt  is  worthy  of  remark, 
that  the  wox^facbar  figniBes,  in  the  Hebrew  language,  inebriation,  which  makes  it  probable  that  the  juice  of 
the  cane  had  been  eaHy  ufed  for  making  fame  fermented  liquor. 

(f)  Fi^ihin^iT«vx«X«/x«v  m  vours^  /uiXi,  fjLi\iTcwi  fj»  wm.     Strabon.  1.  xv. 

Xd)  Axxahnroic  MX^^aic.   Fragment  of  Thcophraft-8  piefcr\cd   in  Photius.    Sec  p.  S64.  edit.  Augfbure. 
1^01 

(rj  Tju  rat  ^if«c  rm  ^ran,  kai  fJim\i^a  rm  fA%ya\m  tuCksfuioiv,  yXwtutf  km  ^ivll  Mi  t>l«^ii.     Strabon.  I.  xV. 
(y  )  Indica  nam  m:igna  nimis  arbore  crefcit  harundo  j 

lllius  e  lentis  prcmitur  radicibus  humor, 

Dulcia  cui  nequrant  fucco  contendere  mclla.     Ifidor.  lib   xvii.  cap.  7. 

(g)  Eft  et  aliudconcrcti  mellis  genus,  quod  faccharon  nominatur.  In  India  vcro  et  Fclici  Arabia,  in  ha- 
nxndinibus  invcnitur.  Salis  modo  coa6lutn  eft;  dcntibus,  ut  fal,  fragile  ;  ako  idoneum  et  ftomacho  utile,  fiaqua 
^i)utum  bibatur ;  vcxatae  veficae,  rcnibufquc  auxiliatur.  Ulitum  ca  difcutit,  quaj  tenebras  ocutenim  pupillis 
«ffundunt.        Miuthioli  Diofc.  cap.  Ixxv. 

•  Ante  Chrift.  ann.  325.        f  A.  C.  30J.        J  A.  C  223.       $  A.  C.  68.        ||  A.  C.  35. 

6  "  fub- 


&hulf  of  tie  Hi/lor j  of  Su^nf^  t  jy 

^'  fubftanccs  that  obfcurc  the  Hght.''    Tlie  above  is  the  6rB;  account  I  have  ktn  oi  die 

medicinal  virtues  of  fugar. 

Galen  ^  appears  to  have  been  well  acquainted  with  fugar,  which  he  defcrifaeSf  nearif  as 
Diofcorides  had  done,  as  a  kind  of  honey,  called y^^ri^^ir,  that  came  from  India  and  Arabia 
Felix,  and  concreted  in  reeds.     He  defcribes  it  as  lefs  fweet  than  honey,  but  of  fimilar 
qualities,  as  detergent,  deficcativc,  and  digerent.     He  remarks  a  difFerencc,  howevej,  in 
that  fugar  is  not  like  honey  injurious  to  the  ftomach,  or  produftive  of  third  {a). 

If  the  tliird  book  of  Galen,  **  Up9fi  Medicines  that  may  be  cafify  prociiredf^  be  genuine,  we 
have  reafon  to  think  fugar  could  not  be  a  fcarce  article,  as  it  is  there  repeatedly  pr» 

feribed. 

Lucan  f  alludes  to  fugar,  in  his  third  book,  where  he  fpcaks  of  the  fweet  juices  expreflcd 
from  reeds,  which  were  drank  by  the  people  of  India  (b)> 

Seneca  J,  the  philofopher,  likewife  fpcaks  of  an  oily  fweet  juice  in  reeds,  which  probably 
was  fugar  (<:)• 

Pliny  $  was  better  acquainted  with  this  fubdancc,  which  he  calls  by  the  name  Q^faccarc^^ 
and  fays,  that  it  was  brought  from  Arabia  and  India,  but  the  beft  from  the  latter  country* 
He  defcribes  it  as  a  kind  of  honey,  obtained  from  reeds,  of  a  white  colour,  rcfetnbling 
gum,  and  brittle  when  prcfled  by  the  teeth,  and  found  in  pieces  of  tlie  Gzc  of  a  hazel  nut. 
It  was  ufcd  in  medicine  only  {d). 

Salmafius,  in  his  Plinianae  Exercitationes,  fays,  that  Pliny  relates,  upon  the  authority  of 
Juba  the  hiftorian,  that  fome  reeds  grew  in  the  Fortunate  Iflands,  which  increafed  to  the 
fize  of  trees,  and  yielded  a  liquor  that  was  fweet  and  agreeable  to  the  palate.  This  plant 
he  concludes  to  be  the  fugar  cane  ;  but  I  think  the  paflage  in  Pliny  (e)  fcarcely  implies 
fo  much.— Hitherto  we  have  had  no  account  of  any  artificial  preparation  of  fugar,  bjr 
boiling  or  otherwife  ;  but  there  is  a  paflage  in  Statius  i|,  that  feems,  if  the  reading  be  ge« 
nuine,  to  allude  to  the  boiling  of  fugar,  and  is  thought  to  refer  immediately  thereto  bjr 
Stephens  in  his  Thefaurus  (/). 

Arrian  f ,  in  his  Periplus  [g)  of  the  Red  Sea^  fpea]cs  of  tlie  honey  from  reeds,  called 

(/z)  De  fitnplic.  Medicamcntis*     Lib.  vii. 

(^)  Quiqvie  bibunt  teneridulccs  ab  arundine  fuccos.     Lucani  Phar(ali«  lib.  ill.  tin.  137. 

(r)  Aiunc  inveniri  apud  Indos  mel,  in  arundinum  foliis,  quod  aut  ros  illius  CGcli  aut  ipfius  arundiris  liumor 
dulcU  ct  pinguior  gignat.    Sencc.  Epiftol.  1.  i.  Epift.  Uxxiv. 

((t)  Saccaron  Arabia  fert,  fed  laudatius  India.     Eft  autcm  mel  in  arundinibus  collegium,  gummliun  modo 
candidum,  dcntibus  fragile,  ampIiiTirouin  nucis   avcllanse   xnagnitudinc,   ad   mciuinT:  tantum   uium«    Plin, 
Hiftor.  Natural.  1.  xii.  cap.  viii, 
*    (0  Plin-  Hift.  Nat.  lib.  vi.  cap.  xxxii. 

(/)  Et  quas  praecoquit  Ebofita  cannas 

Largis  gratuitum  cadit  rapinis.     Stat.  S^lv.  ].  vi.  i;. 
Haud  dubie  (inquit  Stcpbanus)  cannas  intciiigit  ex  quil'us  faccharum  cxpiimiiui  vc?  cocritur.     Et  foniiffi' 
caanai  pro  (iwcharo  ipfo  pofuit.     Scd  qui  Ebofitx  ilti»  ha^cnus  apud  ncminem  invsnimu;.      Populi  rort;ifr^ 
funt  Indix*  ubi  faccharum  potiflfimucn  nafcitur*  Stcph.  Thef.  Vox  Csuna.  '  Le6lio  autcm  dubia  cfl.     Vidb 
Not.  Marklandi  in  hunc  locum, 

{l)  hisU  rt  KA\*fJiw«v Tt  KtytfxmY  Za;(<i{(.     Page  150,  £d,  Amltelod.  16S3,  8vo. 

^  Anno  poft  Chrift.nac.  T43.      f  Lucani  mors,  A.  D.  65,        J  Senecae  mors,  At  D.  65*' 
5  Plinli  mora,  A.  D.  77.  U  A,  D.  circ.  80.  ^  A«  D.  145. 
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1 3  8  Sietch  of  the  Hlflory  9/  Sugar. 

faechar  (2a%af)  as  one  of  the  articles  of  trade  between  Ariace  and  Bnrygaza,  two  places  of 
the  Hither  India,  and  fome  of  tlie  ports  on  the  Red  Sca« 

^lian  ♦,  in  his  Natuml  Hiftory,  fpeaks  of  a  kind  of  honey,  which  was  preffcd  from  reeds 
that  grew  among  the  Praftiy  a  people  that  lived  near  the  Ganges. 

Tertuilian  f  a!fo  fpeaks  of  fugar,  in  his  book  De  Judicio  Dei,  as  a  kind  of  honey  procured 

from  canes  {a)» 

Alexander  Aphrodifxus  {h)X  appears  to  have  been  acquainted  with  fugar,  which  was 
in  his  time  regarded  as  an  Indian  produdlion.  He  fays,  *'  that  what  the  Indians  called 
•*  fugar,  was  a  concretion  of  honey,  in  reeds,  refembling  grains  of  fait,  of  a  white  colour^ 
•*  and  brittle,  and  poflening  a  detergent  and  purgative  power  like  to  honey ;  and  which 
**  being  boiled,  in  the  fame  manner  as  honey,  is  rendertd  lefs  purgative,  without  impairing^ 
«  its  nutritive  quality." 

Paulus  -/Egineta  (c)  §  fpeaks  of  fugar  as  growing,  in  his  time,  in  Europe,  and  alfb  as 
brought  from  Arabia  Felix  ;  the  latter  of  which  he  feems  to  think  lefs  fweet  than  the  fu« 
gar  produced  in  Europe,  and  neither  injurious  to  the  (lomach  nor  caufing  third,  aa  the 
European  fugar  was  apt  to  do. 

Achmet  (^)>  ||  a  writer  who,  according  to  fome,  lived  about  the  year  830,  fpeaks  familiarly 
of  fugar  as  common  in  his  time* 

Avicenna  (^),  f  the  Arab  phyfician,  fpeaks  of  fugar  as  being  a  produce  of  reeds ;  but  it  ap« 
pears  he  meant  the  fugar  called  Tabaxir  or  Tabarzet,  as  he  calls  it  by  that  name* 

It  does  not  appear,  that  any  of  the  above-mentioned  writers  knew  of  the  method  of  pre- 
paring fugar,  by  boiling  down  the  juice  of  the  reeds  to  a  confiflence.  It  is  alfo  tKought^ 
the  fugar  they  had  was  not  procured  from  the  fugar-cane  in  ufe  at  prcfent,  but  from  ano- 
ther of  a  larger  fize,  called  Tabarzet  ffj  by  Avicenna,  which  is  the  Arundo  Arbor  of  Cafpar. 
Bauhin,  the  Saccar  Mambu  of  later  writers,  and  the  Arundo  Bambos  of  Linnseus.  ThU 
yields  a  fweet  milky  juice,  and  oftentimes  a  hard  cryftallized  matter,  cxaflly  refembling 
fugar,  both  in  tafte  and  appearance. 

The  hiftorians  of  the  Crufades  make  the  next  mention  of  fiigar  of  any  that  have  fallen, 
under  my  obfervation. 

The  author  of  the  Hiftoria  {g)  **  Hierofolymitana  fays,  that  the  Crufadcrs found  in  Syria 
certain  reeds  called  Cannamelesy  of  which  it  was  reported  a  kind  of  wild  honey  was  made  j, 
but  does  not  fay  that  he  faw  any  fo  manufadlured. 

(a)  Mella  viridanti  confragrant  pinguia  canna.     Tertullian.  de  Judicio  Dcu. 

(i)  Alex.  Aphrodifaei  lib.  ii.  Probl.  79. 

(€)  Paul.  -ffilginctsE  Vox  Mel.  Mgxi.  p.  632.  Medic.  Art.  Princ.  Ed^Henrici  Stephani,  1567, 

(d)  Vide  Meurfii  Gloff.   Graec.  Barb.  &  Du  Cange  Gloff.  ad  Script,  mcd.  U  inf.  Graecitadf. 

(€)  Dc  Zuccaro.  Lib.  II.  Tra^.  II.     De  Mclle.  Lib.  II.  Traft.  II. 

(f)  Some  of  she  writers  fay,  that  it  was  fg  called  from  the  name  of  a  place  zax^'C  TaC«K^»  f^v**  ^^  ««^ 
lOMCKC  Zv{(«r.  Condantinus  a  Sccrctis,  MS.  quoted  from  Du  Cange  Gloif.  Graec.  The  word  Tabarzet  figniv 
fies  white,  and  is  tranflatcd,  by  Du  Cange,  Saccar  Album.  Herbclot  fays,  that  the  Perfians  called  bvihat 
name  the  hardeft  and  mod  refined  fugar.   Biblioth^que  Orientale,p.  8io, 

(f)  Pars  fecunda,  p.  595. 

♦  A.  D.  cirr.  145.        \  A.  D.  195.  {  A.  D.  *X2. 

}  A.  D.  circ.  400,  vcl  fecundum  Friend  multo  poftcrior.   Hift.  Medic, 

I)  A.  D.  830,  9  A.  D.  9So.nacus.  i;o9t 

.       .    •  Albcrtu^l 
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SlfUh  ifihi  Hiftory  of  Sugar.  J^^Q 

Albertirs  Agncnfis  ^/i^  *  relates,  that  about  the  fame  period,  "  the  Crufaders  foutid  fweet 
5*  lioneycd  reeds  in  great  quantity,  in  the  meadows  about  Tripoli,  in  Syria,  which  recdi 
"  were  called  Zurra.  Thefe  the  people  (the  Crufaders  army)  fucked,  and  were  much 
•*  pleafed  with  the  fweet  talle  of  them,  with  which  they  could  fcarcely  be  fatisficd.  '1  his 
•*  plant  (the  author  tells  us)  is  cultivated  with  great  labour  of  the  hufbandmen  every 
*^  year.  At  the  time  of  harvcflt,  they  bruifc  it  when  ripe  in  mortars ;  and  fct  by  the 
•^  drained  juice  in  vefTch,  till  it  is  concreted  in  form  of  fnow,  or  of  white  fait.  This, 
•*  when  fcraped,  they  mix  with  bread,  or  rub  it  with  water,  artd  take  it  as  pottage  ;  and  it 
**  is  to  them  more  wholefome  and  plealing  than  the  honey  of  bees.  The  people  who  were 
*^  engaged  in  the  fieges  of  Albaria  Marra  and  ArchaSj  and  fuffered  dreadful  hunger^  were 
**  much  refreflied  hereby." 

The  fame  author  f ,  in  the  account  of  the  reign  of  Baldwin,  mentions  eleven  camels,  laden 
with  fugar,  being  taken  by  the  Crufaders^  f^)  fo  that  it  mufl  have  been  made  in  confiderablc 
quantity. 

Jacobus  de  Vitriaco  mentions  J,  (c)  that  *Mn  Syria  reeds  grow  that  arc  fiill  of  honey,  by 
*«  which  he  underilands  a  fweet  juice,  which  by  the  preflure  of  a  fcrew-cnginc,  and  con- 
•'  crcted  by  fire,  becomes  fugar."  This  is  the  firft  account  I  have  met  with  of  the  employ- 
ment of  heat  or  fire  in  the  making  of  fugar. 

About  the  lame  period  §  (//)  Willermus  Tyrcnfis  fpeaks  of  fugar  as  made  in  the  neighbour- 
hood of  Tyre,  and  fcnt  from  tliencc  to  the  fartheft  parts  of  the  world. 

Marinus  Sanutus  mentions  (e)  ||,  that  in  the  countries  fubjeft  to  the  Sultan,  fugar  was  pro- 
duced in  large  quantity,  and  that  it  Ukewife  was  made  in  Cyprus,  Rhodes,  Amorea,  Marta^ 
Sicilyi  and  other  places  belonging  to  the  Chriflians. 

Hugo  Falcandus  (f)  f ,  an  author  who  wrote  about  the  time  of  the  Emperor  Frederic  Bar- 
baroifa,  fpeaks  of  fugar  being  in  his  time  produced  in  great  quantity  in  Sicily.  It  appears  to 
have  been  ufed  in  two  dates  j  one  wherein  the  juice  was  boiled  down  to  the  confidence  of 
honey,  and  another  where  it  was  boiled  farther,  fo  as  to  form  a  folid  body  of  fugar. 

(a)  Calamellos  ibidem  mellitos,  per  camporum  planiclem  abundanter  repertos,  quos  vocant  Zucra,  fuzit  po- 
tmlus  illorum  falubri  fucco  laetatus ;  ct  vix  ad  faturitatem  praedulcediac  explere  hoc  guftato  valebant.  Hoc 
cnim  genus  herbs,  fummo  labore  agricolarum,  per  fingulos  excolitur  annos.  Deinde,  tempore  mcfllis^  matu- 
rum  mortarioUt  indigent  contundunt,  fuccum  colatum  ia  vafis  fuis  reponcntes,  quoufque  coagulatus  induref- 
cat,  fub  fpecie  nivis  vel  Talis  albi.  Qucm  rafum  cum  pane  mifcentes,  aut  cum  aqu&  tcrentes,  pro  pulmento 
fumunt;  et  fupra  favum  mellis  guftantibus  dulce  ac  falubre  efle  videtur.  His  ergo  calamcUis  mclilci  faporis, 
populus  in  obfidione  Albarise  Marrx  et  Archas  multum  horrenda  fame  vexatus,  eft  refoclllatus. 

Geft.  Dei  per  Francos,  p.  270. 

{h)  GeftaDei,  p.  353. 

(c)  Sunt  autem  calamelli,  calami  plenl  melle  fucco  dulclflimo,  ex  quo  quafi  in  torculari  comprclTo,  et  ad  igx 
xiem  condeofato,  prius  quaii  mel  pollhsc  quafi  Zuccara  efEcitur.     Geft.  Dei,  p.  1075* 
(^)  Per  inftitores  ad  ultimas  orbis  partes  deportatur.     Geft.  Dei,  p.  835. 

C^)  Marin.  Sanut.  L.  I.  Part  I.  Cap.  1.— -in  parte  fecunda  Geft.  Dei. 
(f)  In  Prxfatione  ad  Libr.  de  Calamitatibus  Sicilix. 

*  1108.        t  mc>.        i  1x14.        §  X124*        I  '3^^*        9  "7*1 
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140  On  thi  Efetf  of  a  Mixture  ef  Tin  wki  G9IJ. 

The  (ottfping  arc  all  the  paflages  that  have  occurred  to  my  reading  on  this  fubjcA. 
irhey  are  but  fevir  and  incotifidcrable,  but  may  fave  trouble  to  others,  who  arc  willing  lO 
make  a  deeper  inquiry  into  the  hiftory  of  this  fubftance. 

Jan,  24,  1790. 

The  followh)?  pafTagc,  taken  from  the  Viridarium  Francifci  Mcndozx,  Sacrc  &  Frofanse  Eru Jitionis.  Co- 
lon-^ Agrip^ina:,  1633.  fcuns  to  point  out,  though  rathfir  obfcurely,  the  conllrudtion  and  principle?  of  Balloons 

<<  Vas  XL-earn,  plenum  acre,  aliter  demergcndum,  in  fumma  aqua  fudcntatur,  rum  ca  fit  naturalitcr  multo 
gravius  ;  ergo  navis  Ilgnca,  aut  cujufcunque  altcrius  matcrix  in  Aimmsi  aciis  fuperticie  conflituta,  ct  elemen* 
tari  ignercplcta,  fuprnacrcmfudinebltur,  ncc  priVis  in  ipfo  acre  fubmcrgctur,  quam  oavigii  gra>  itab  fuperet  lt:-> 
vlratim  ignis,  quo  plenum  eft." 

Troblema  XLVll.    t'trum  aJr  parte  aliqua  lit  navigabilis.  W.  F, 
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VIII. 

SxperimefJts  and  OhfenmtiotJS  en  the  Effecl  t>f  Annealing  n  Plate  of  Meta!^  ^onjifiing  of  Jim  or 
alloyed  Gold^  with  one  twenty-fourth  Part  cfTin*.     By  MATIIEff^  TjLLET. 

X  HOUGH  the  advantage  be  great,  that  men  of  enlightened  minds  and  Well  known 
artifts  (hould  make  inquiries  into  the  kind  of  works  to  which  their  attention  has  been  par* 
ticularly  applied^  and  (hould  render  their  obfervations  public ;  it  is  neverthclefs  true^  that 
their  reputation,  in  many  reipe£ls  well  founded,  does  in  fome  inftances  caufe  the  refolts 
drawn  from  their  experiments  to  be  too  fpeedily  adopted  ;  and  that  when  they  are  care* 
fully  repeated,  it  does  not  always  happen  that  they  prove  exact.  Thefe  artifts,  no  doubt, 
well  informed  and  faithful  in  their  operations  and  reports,  have  not  ptetended  to  offer  them 
as  dccifive ;  but  by  negle£ling  to  confider  the  fafls  before  them  in  every  point  of  view,  they 
hav«  too  fpeedily  concluded  that  thefe  fa£ts,  univerfally  confidered,  were  fuch  as  to  then 
they  appeared  at  firft  fight. 

Looking  over  the  Journal  de  Phyfique  for  the  month  of  September  1788, 1  faw  a  'paper 
entitled  "  Experiments  and  Obfervations  on  the  Fufion  of  Gold  with  Tin/*  which  I  read 
with  great  attention,  as  being  the  produ£tion  of  a  man  of  merit  well  verfed  in  his  artf 
namely,  Mr  Alchome,*  afTay-mafter  to  the  Englifti  mint.  As  the  object  of  his  czperi* 
ments  is  intetefting  to  every  artift  who  ufes  goKl  and  fih-er  •,  as  its  aim  is  to  ittoatt  their 
¥cars  rcfpcfting  the  mixture  of  a  certain  quantity  of  tin  with  fine  or  alloyed  gold,  and  aft 
thefe  artifts  do  neverthclefs  retain  their  apprchenfions  with  regard  to  the  fmallcft  mixture 
of  tin  with  the  gold  of  various  fincnefs,  which  they  are  inceflantly  melting  ;  I  have  thought 
it  proper  to  repeat  the  experiments  of  Mr.  Alchorne  :  and  v.hile  I  admit  part  of  the  b£t% 
he  has  related,  1  muft  refute  thofe  which  my  own  trials  flicw  to  be  erroneous,  and  which,  if 
they  had  not  cfcaped  his  attention,  would  doubtlefs  have  led  him  to  make  certain  excep- 
tions, in  the  too  pofitive  confequences  he  has  drawn  from  his  operations. 

Before  I  enter  upon  a  detail  of  the  experiments  of  Mr.  Alchorne,  as  well  as  my  own, 
I  think  it  proper  to  take  notice  of  the  manner  In  which  the  editor  of  the  Journal  announ* 

-*  Memoirs  of  il;e  Academy  of  Scicrccs  at  Paris  for  the  year  xr^r),  being  the  ccnduding  volume,  prinltd 

111  T:^". 

ces 


On  fie EJIfS  ^m  Jl£$ci9rte tfiTm  ^iM  G^J.  r^t 

ees  the  memoir  m  queftion.    He  appears  to  be  convinced  that  tlie  world  had  adtqpted  an 

erroneous  opinion  rcfpcfting  the  objcft  of  the  paper  prertous  to  its  appearance  s  whence  it 
follows,  that  this  Journal,  which  is  dcfcnrcdiy  cftcemed,  and  of  wide  circulation,  cannot 
fail  to  produce  a  ftrong  impreflion  m  this  rcfpcft,  which  ought  to  be  contradiftcd.  It  is 
in  fa£l  founded  on  operations  which  hare  not  been  purfued  with  fufficicnt  accuracy ;  and 
on  this  account  they  tend  to  produce  a  falfe  fecurity  in  the  mind  of  artifts  who  work  the 
moft  precious  of  metals. 

It  has  long  been  a  received  faft  among  metallttrgtfts,  obfcrTce  the  editor,  that  tin  mixed 
with  gold  in  the  fmalleft  quantity,  either  in  fubflance  or  in  vapour,  is  totally  deftruftivo 
of  the  malleability  of  that  tnctal.^  iSut  Mr.  Woulfe,  fellow  of  the  Royal  Society  of  Lon- 
don, communicated  to  that  Society,  in  1 764,  a  memoir  of  Mr.  Alchome,  alTayer  at  tlH5 
Mint  in  the  Tower  of  London,  and  fince  printed  in  the  Philofophical  Tranfaftions,  ia 
which  he  proves,  that  tin  may  be  mixed  with  gold  in  a  moderate  quantity  without  pro- 
ducing thcfe  bad  efFc£t3.  Thefe  experiments,  he  adds,  have  not  been  contradifted ;  not-' 
withftanding  which,  feveral  of  the  moft  celebrated  authors  have  continued  to  follow  the 
ancient  opinion,  though  in  no  rcfpecl  founded  upon  fa€l.  It  may  therefore  be  fuppofed^ 
that  the  memoir  of  Mr.  Alchorne  has  not  been  fufficiently  known  and  attended  to  ;  for 
which  reafon  I  hnve  thought  proper  to  give  an  abftradl,  to  make  it  more  generally  known* 

M.  Alchorne  relates,  that  he  had  long  d(  ubted  this  extraordinary  property  attributed  to 
tin  ;  and  that  an  opportunity  having  oiFeied,  he  made  various  experiments  on  that  fubjedl. 
He  mixed  twelve  ounces  of  fine  gold  with  different  jrroportions  of  tin  from  fixty  grains  to 
half  an  ounce.  Thefc  compounds  were  beaten  under  the  hammer,  paflcd  through  the 
laminating  rollers,  and  ftruck  in  the  fly-prcfs  without  (hewing  any  brittlencfs.  He  like- 
wife  attempted  to  expofe  gold  to  the  vapour  of  tin  5  for  which  purpofe  he  put  twelve 
ounces  of  gold  of  22  carats  into  a  fmall  crucible,  which  he  placed  in  a  larger  crifcible, 
and  furrounded  it  with  tin,  and  fuojefted  the  whole  to  a  confiderable  heat  for  half  an 
hour  ;  but  the  gold  loft  nothing  of  its  dudlility.  He  carried  his  refearches  flill  farther  : 
he  alloyed  the  foregoing  mixtures  with  copper,  and  afterwards  added  tin  to  the  gold  thus 
alloyed  with  different  proportions  of  copper  and  filver  ;  but  in  all  the  various  cafes,  twelve 
ounces  of  gold  alloyed  with  tin  in  the  quantity  of  half  an  ounce,  and  of  copper  two  ounces 
and  a  half,  fuffered  hammering  and  laminating  to  the  thickncfs  of  ftrong -paper,  and  could 
be  wrought  into  fmall  toys  and  drawn  into  fine  wire  with  the  fame  facility  as  the  gold  of 
commerce. 

"M.  Alchorne  obfervcs,  that  the  old  opinion  adopted  by  fo  many  autliors  owes  its  ori- 
gin probably  tothe  arfcnic  which  tin  commonly  contains,  as  he  found  that  twelve  grains 
of  thlt  fenji-metal  in  regulus  rendcied  the  fame  number  of  ounces  of  gold  brittle.  Whence 
he  concludes  that  tin,  like  the  other  bafcr  metals,  docs  not  injure  gold,  but  in  proportion 
to  the  quantity  of  arfenic  it  contains,  and  that  there  is  nothing  in  tin  which  can  deprive 
gold  of  its  qualities,  as  was  before  obferved. 

From  this  (hort  account  of  the  experiments  and  obfervations  of  M.  Alchome,  we  (ce 
that  he  affirms  that  gold,  whether  pure  or  alloyed,  being  fufed  with  tin  in  the  proportion  of 
one  part  of  the  former  to  twenty-four  of  tlie  latter,  forms  an  alloy  which  prcferves  du£li- 
Hty  fulfieient  to  endure  hammering  atnd  laminating  to  the  thicknefs  of  ftrong  paper,  to  be 
ufcd  in  toys  and  drawn  into  fine  wire  with  the  fiime  facility  as  the  common  ftandard  gc^d. 

Thougk 


Tliough  T  was  pci'fuaded  that  rin  deprived  gold  of  its  great  duftility,  or  at  lead  rendered  it 
fo  brittle  that  it  could  not  be  reduced  to  thin  leaves,  nor  more  cfpecially  be  made  to  pafs  the 
wire  phte  but  by  virtue  of  repeated  annealing,  and  pvXuliar  treatment  which  gold  of  the  ufual 
dudility  docs  not  require,  1  neverthclefs  determined  to  repeat  the  experiments  of  Mr. 
Alchorne,  as  well  from  eP.ccm  for  that  fkilful  artid^  as  to  fupply  fuch  faflsas  might  appear 
to  have  cfcapcd  his  notice. 

My  firll  experiment  confiftcd  in  mixing  24  grains  of  fine  gold  with  one  of  tin,  takeH 
from  an  ingot  of  this  laft  metal  which  conrains  no  arlenic.  I  wrapped  this  grain  of  tin  in 
the  24  grains  of  gold  reduced  to  a  very  thin  leaf,  rendered  very  flexible  by  annealing.  I 
placed  thefe  25  grains  upon  a  piece  of  charcoal  hollowed  out,  upon  which  they  could  be 
fupported  during  their  fufion.  I  even  fprinklcd  a  fmall  quantity  of  calcined  borax  upoa 
the  metal,  in  order  that  the  fufion  might  be  more  fuddcn,  that  the  metal  might  flow  toge- 
ther, and  the  tin  unite  with  the  gold  without  allowing  time  for  it  to  become  calcined. 
This  alloy  was  fpeedily  fufed  by  the  enamellcr's  lamp,  and  reduced  into  a  fmall  button 
without  any  lofs  of  weight.  It  was  then  flattened  carefully  beneath  the  hammer ;  but, 
xiotwithflanding  my  precaution  in  this  refpccl,  it  cracked,  and  at  lad  broke  into  three 
pieces,  its  thicknefs  then  being  a  quarter  of  a  line  or  thereabouts. 

I  repeated  this  fird  experiment  with  a  double  quantity  as  well  of  pure  gold  as  of  tin. 
The  refulc  was  the  fame.  This  fecond  button  was  brittle,  and  likewife  broke  under  the 
hammer,  though  I  had  carefully  managed  the  procefs  of  iiammering  in  order  that  this 
button  might  have  continued  whole  notwithdanding  the  cracks. 

It  is  eafily  fcen  that  thefe  experiments,  which  were  in  fome  meafurc  preparatory,  tended 

to  intimate  the  confequences  I  had  reafon  to  expe£i:  when  I  (hould  repeat  them  more  at 

large,  and  in  a  manner  more  nearly  refembling  the  experiments  with  which  I  meant  to 

compare  them* 

\To  he  concluded  In  our  next."]. 


ACCOUNTS    OF  BOOKS. 

Philofophical  Tranfaflions  of  the  Royal  Society  of  London,  for  the  Year  1798.  Part  I. 
Quarto.  199  pages,  with  26  pages  of  Meteorological  Journal,  and  7  plates.  Sold  bf 
Elmfly,  London. 

J.  HIS  part  contains  the  following  papers  :  i.  The  Bakerian  Le£lurc.  Experiments 
upon  the  ReCdance  of  Bodies  moving  in  Fluids.  By  the  Rev.  Samuel  Vince,  A.M. 
F.R,S.  Plumian  Profeflbr  of  Adronomy  and  Experimental  Philofophy  in  the  UnivcrCty 
of  Cambridge. — 2.  Experiments  and  Obfervations,  tending  to  (hew  the  compoCtion  and 
properties  of  Urinary  Concretions.  By  George  Pearfon,  M.D.  F.R.S.— 3.  On  the 
Difcovery  of  four  additional  Satellites  of  the  Georgium  Sidus ;  the  retrograde  motion  of 
its  old  Satellites  announced,  and  the  caufe  of  their  difappearancc  at  certain  didances  from 
the  planet  explained.  By  William  Herfchel,  L.LiD.  F.R.S.— 4.  An  Enquiry  concern- 
ing the  Source  of  the  Heat  which  is  excited  by  Fridlion.  By  Benjamin  Count  of  Rum-, 
ford,  F.R.S.  M.R.I.A.  (See  Philof.  Journal  IL  106.)— 5.  Obfervations  on  the  Fo- 
ramina Thcbefii  of  the  Heart.    By  Mr.  John  Abcrnetby,  F.R.S.--6.  An  Analyfis  of  the 
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earthy  Subdance  from  New  South  Wales,  called  Sydncia,  or  Terra  Auflralis*.  By  Chailea 
Hatchctt,  Efq.  F-R.S.  (Sec  Philof.  Journal,  II.  7^)-— 7-  Abdraft  of  a  Rcgifter  of  the 
Barometer,  Thermometer  and  Rain,  at  Lyndon  in  Rutland,  for  the  year  1796.  By  Thomas 
Barker,  Efq. — 8.  An  Account  of  fome  Endeavours  to  afcertatn  a  Standard  of  Weight  and 
Mcafure.  By  .Sir  George  Shuckburgh  Evelyn,  Bart.  F.R.S.  and  A.S. — 9.  A  New  Method 
of  computing  the  Value  of  a  flowly  converging  Series,  of  which  all  the  Terms  are  affirma- 
tive. By  the  Rev.  John  Hellins,  F.R.S.  and  Vicar  of  Potter*8-Pury  in  Northamptonfliirc. 
And  the  Appendii,  containing  a  Meteorological  Journal  kept  at  the  Apartments  of  tlic 
Royal  Society,  by  Order  of  the  Prefident  ^nd  Council* 

Count  Rumford's  Experimental  £  flays.  Political,  Economical^  and  Fhilofophical. 
Eflay  VIL — Of  the  Propagation  of  Heat  in  Fluids.  Part  II. — An  Account  of  feveral 
New  Experiments,  with  occafional  Remarks  and  Obfervations,  and  Conjcfturcs  re- 
fpeAing  Chemical  Affinity  and  Solution,  and  the  Mechanical  Principle  of  Animal  Life. 
0<Slavo.     75  pages,  with  2  plates.     Cadell  and  Davies.     Price  is.  6d. 

This  fccond  part  accompanies  a  new  edition  of  the  firft.  The  philofophical  world  will 
not  need  any  general  remark  on  the  intercfting  nature  of  tlie  fubjcft,  nor  the  manner  in 
which  the  great  author  has  treated  it.  For  the  prefcnt,  I  copy  the  abridgment  of  its  Con- 
tents, and  fliall  fpeedily  give  a  fuller  account. 

Chap.  I.  Account  of  a  circumftance  of  a  private  nature,  by  which  the  author  has  been 
induced  to  add  this  and  the  following  chapters  to  the  fecond  edition  of  this  Effiiy. — E.xpe«» 
rimental  Inveftigation  of  the  fubjeci  continued. — Oil  found  by  experiment  to  be  a  Non. 
conductor  of  heat. — Mercury  is  likewife  a  Non-conduftor.— Probability  that  all  Fluids  are 
Non-conduftors,  and  that  this  property  is  eflential  to  fluidity. — ^The  knowledge  of  that 
fa£l  may  be  of  great  ufe  in  enabling  us  to  form  more  juft  idfeas  with  regard  to  the  nature 
of  thofe  mechanical  operations  which  take  place  in  ch^rmical  folutions  and  combinations  ; 
in  the  procefs  of  vegetation  •,  and  in  the  various  changes  efl^edcd  by  the  powers  of  life  in 
the  animal  economy.— Rapidity  of  Solution  no  proof  of  the  cxiftence  of  an  attra£lion  of 
affinity.— Strata  of  freih  water  and  of  fait  water  may  be  made  to  repofc  on  each  other  in 
aftual  contaft,  without  mixing.— Probability  that  the  water  at  the  bottom  of  frefli  lakes, 
that  are  very  deep,  may  be  aftually  fait  -  -  -  -         page  311 

Chap.  II.  Water  made  to  congeal  at  its  under  furface. — Obfervation  refpcdling  the 
formation  of  ice  at  the  bottoms  of  rivers. — Rcafons  for  concluding  that  heat  can  never  be 
equally  diftributed  in  any  fluid. — Perpetual  motions  occafioned  in  fluids  by  the  unequal 
diftribution  of  heat. — An  inconceivably  rapid  fucceffion  of  collifions  among,  the  integrant 
particles  of  fluids  is  occaGoned  by  the  internal  motions  into  which  fluids  are  thrown  in  the 
propagation  of  heat.— An  attempt  to  eftimate  the  number  of  thofe  collifions  which  take 
place  in  a  given  time. — Thcfe  invcftigations  will  greatly  change  our  ideas  refpedling  the 
Teal  flate  of  fluids  apparently  at  reft.  Fluidity  may  be  called  die  life  of  inanimate  bodies. 
i-^Conjeftures  refpe£ling  the  vital  principle  in  living  animals  \  and  the  nature  of  phyfical 
ftimulation  ....  -  page  332 

Chap.  3.  Probability  that  intenfe  heat  frequently  exifts  in  the  folitary  particles  of  fluids, 
vbich  neither  the  feeling  nor  the  thermometer  can  dctcfl. — The  evaporation  of  ice  during 

7  th« 


the  fevertti  Frofl  explained  on  that  fupporitioiu— Probability  that  die  metala  would  evape* 
rate,  when  cxpofcd  to  the  aQion  of  tbt  fuu's  rays,  were  they  not  good  oonduftora  of  heat* 
< — Mercury  h  aAaally  found  to  evaporate  under  the  meaa  tcmperatnre  of  the  atmofphere* 
This  fa<^  is  a  ihikin;r  proof  that  fluid  mercvry  is  a  iion-candu6hit  of  heftt-^ProbabUltf 
thnt  the  heat  gcnt:ratcd  by  the  rays  of  light  is  alwa^'s  the  fame  in  tnten&y  ;  and  that  thofe 
(il^£ls  which  have  been  attributed  to  light  ought  perhaps  in  all  cafes  to  be  afcribed  to  the 
n£lion  of  the  heat  generated  by  tl^m :  a  ftrlking  proof  that  the  mod  intenfe  heat  doef 
fomctimes  exiil  where  we  fhould  not  expe£l  to  find  it.«-»Gold  a^hi^ly  melted  by  the  best 
which  cxifts  in  tlie  air.  of  the  atinofphere,  where  there  is  no  appearance  of  fire,  or  of  anf 
thing  red-hot. — ^We  ouglit  to  be  cautious  in  attributing  to  the  a£lion  of  unknown  powerSy 
e/Tefts  fimilar  to  thofe  produced  by  the  agency  of  heat-— The  moft  intcnfe  heat  may  caBtft 
without  leaving  any  vifiblc  traces  of  its  cxiftcnce  behind  it.— This  important  fad  illoHrated 
by  the  ncceflary  refult  of  an  imaginary  experiment  -  -  page  345 

Chap.  IV.  An  account  of  a  variety  of  mifcellaneous  experiments. — ^Thermoraeten  with 
cylindrical  bulbs  may  bo  ufcd  to  fl:o\v  that  liquids  are  non-conduclors  of  bent.-^lce-^old 
water  m  ay  be  heated  and  made  to  boil  (landing  on  ice.— Remarkable  appearances  attend- 
ing  the  thawing  of  ice,  and  the  melting  of  tallow,  and  of  bees-wax,  by  nteatis  of  the  ra^ 
diant  heat  projected  downwards  by  a  red-hot  bullet. — Beautiful  cryftals  of  fea^Iiadt  formed 
in  brine  ftandiiig  on  mercury. — Olive-oil  foon  rendered  colourlefs  by  expofure  to  the  air 
(landing  on  brine. — An  attempt  to  caufe  radiant  heat  from  a  red-hot  iron  bullet  to  dcfcend 
in  oil«— Account  of  an  artificial  atmofphere,  in  which  horizontal  currents  were  produced 
by  heat.— Conjedlures  refpccling  the  proximate  caufcs  of  the  winds  -         page  367 

• 

A  Practical  Eflay  on  the  Club-Foot,  and  other  Diftortions  in  the  Legs  and  Feet  of  Children, 

intended  to  fliew  under  what  Circumftanccs  they  are  curable  or  othcrwifc;  with  thirty-one 

Cafes,  and  the  Specitication  of  a  Patent  granted  the  Autlior  for  his  Method  of  Prance. 

By  T.  Sheldrake,  Trufs-makcr  to  the  Weftminfter  Hofpital  jand  Mary-le-bone  Infirmary. 

8vo.  214  pages,  with  14  plates.     London:  Printed  for  Murray  andUigbley,  1798. 

This  author  (hews  by  rcafoning  and  indu£lion,  that  the  deformity  which  forms  the  chief 

fubje£l  of  his  treatife  is  produced  by  an  unfavourable  compreffion  during  the  growdiof  the 

fcctus  in  utero.     He  adduces  fuels  to  prove,  that  mechanical  means,  if  judiciouilyappliedt 

will  in  numerous  inftances  rcfiiorc  or  place  the  organ  in  its  proper  (late  i  and  that  it  is  of 

great  importance  that  thefe  remedies  fliould  be  ufcd  as  early  as  poflible  before  the  procefs 

of  oflification  is  confiderably  advanced  or  completed.     The  contrivance  and  application  of 

thefe  means  neceflarily  demand  a  knowledge  of  the  formation  of  the  parts,  as  well  as  of  the 

nature  of  mechanical  inftruments.     In  both  refpe£ls  the  author  appears  to  have  difplayed 

conGderablc  judgment,  and  has  been  rewarded  by  fuccefs.     It  is  impoflible  to  enter  into 

any  detail  or  defcription  of  his  method  within  our  limits.     I  (hall  therefore  only  fay,  that 

the  nature  of  the  cafes  and  the  refpe£lability  of   the  teftimonics  appear  to  deferve  the 

attention  of  all  who  from  profefTional  purfuits  or  individual  misfortijne  arc  urged  to  the 

conGderation  of  this  fubjeA, 
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ARTICLE    I. 

Memoir  on  a  Wrw  Metallit  Acid  lohich  wjAf  I'w  the  Red  Lead  of  Siheria.     By  VaV^XUS^ 

ExtraEledfrom  the  Bulletin  of  the  Sae.  Phikm* 

X5  Y  1  new  examination  of  the  red  lead  of  Siberia,  Vauquelin  is  convinced  that  this  mi- 
neral contains  a  metallic  acid  very  aifferent  from  all  thofc  which  have  hitherto  been  known. 
The  following  arc  llie  principal  refuils  of  his  experiments  : 

The  red  lead  ore  wa^  reduced  to  fine  powder,  and  boiled  in  a  faturated  folutiou  of  ^ar* 
honate  of  potafli-  An  e.Tcrvefcence  of  confiilcrablc  duration  was  produced  ;  the  powder 
was  diflbked,  but  foon  alierwards  a  precipitate  fell  dowa  of  a  ycllowifli  white  colour.  The 
folvent  had  alTumed  a  beautiful  golden  colour. 

The  precipitate  proved  to  be  carbonate  of  lead. 

Niirtc  acid  was  poured  into  the  alkaline  fliiid  till  the  excefs  of  carbonate  of  potafii  was 
faturated.  The  fluid  exhibited  an  orange-red  colour.  It  was  then  mixed  with  a  fo- 
lution  of  tin,"  recently  prepared,  with  which  it  alTumed  a  brown  colour,  that  afterward* 
became  grecnilh.  When  poured  into  a  nitric  folution  of  lead,  it  immediately  generated 
the  red  lead.  By  fpontaneou?  evaporation,  it  a&brded  crydals  of  a  beautiful  orange  red, 
bcGdes  thofe  of  the  nitrate  of  potalh. 

The  nitric  add  being  poured  into  the  folution  of  the  red  cryClals  occalioned  no  preci- 
pitate i  but  when,  after  evaporation  to  dryncfe,  the  cryftals  of  nitrate  of  potalh,  which  rc- 

*  Thi!  abflr.ifl  15  tranltaird  from  the  Journal  de  Phyfique,  bearing  date  for  Nov.  1754,  but  lately  printed, 

■  Vfli^II.— JuLT  1798.  U  *         mainei 


tnained  at  tlie  bottom  of  tlie  enpfulet  were  wadied  with  alkolioli  3  blue  liquor  vtt  ob- 
tained, which  after  evaporation  left  a  giecnifh  blue  powder,  folublc  in  water,  of  an 
scid  talle,  and  reddening  the  linflurc  of  turnfol. 

The  red  lead  ore  may  likewife  be  decompofed  by  muriatic  acid.  ]f  the  latter  be  diluted 
with  water,  the  mineralizing  add  ia  precjpiiaied  in  the  form  of  a  red  powder:  if  it  be 
concentrated,  it  rc-afl»  on  the  metallic  acid,  deprives  it  of  part  of  its  oxygen,  and  caufci 
it  to  pals  LQ  a  deep  green  colour,  while  vapours  of  oxygenated  muriatic  acid  arc  difcn- 
gagcd. 

Thcfe  esperiments  are  fufiicient  to  prove  that  the  mineralizing  acid  of  the  red  lead  of 
Siberia  is  a  new  fubdance  ;  but  as  it  has  fome  refemblance  with  the  molybdic  acid,  Vau- 
^uelin  has  made  a  number  of  comparative  experiments  on  their  alkaline  compounds,  whith 
prefented  very  evident  differences.     The  following  arc  the  mod  remarkable  : 

t.  The  acid  of  Siberian  lead  ore  is  red,  when  combined  with  potalh;  the  molybdate  of 
poiaQi  is  white. 

2.  The  molybdate  of  potafli  affords  a  white  precipitate  with  the  nitrate  of  lead,  whereas 
the  red  lead  ore  is  regenerated  of  a  beautiful  orange  colour,  rcfembling  that  of  the  native 
ore  when  it  is  reduced  to  powder. 

3.  The  molybdate  of  potath  aSbrds  a  white  precipitate  in  flocks,  when  added  to  the  ni- 
tric folution  of  mercury.  The  ix\t  formed  by  the  fame  alkali  and  the  acid  of  Siberian  red 
.Jead  affords  a  precipitate  of  a  deep  cinnabar  colour. 

4.  The  former  affords  a  white  precipitate  with  the  folution  of  filver;  tlie  latter  a 
precipitate  of  the  moft  bvautiful  carmine  red,  which  changes  to  a  purple  red  by  expofure 
to  light. 

The  foregoing  experiments  fufiiciently  prove  that  this  new  acid  is  metallic,  and  di^rs 
much  from  the  molybdic  acid.  It  does  not  difier  Icfs  from  the  other  newly  difcovetcd 
metals. 

Uranium  docs  not  become  acid,  and  cannot  combine  with  the  cauRic  alkalis. 

Titanium  is  foluble  in  acids,  with  which  it  forms  cry flaltiz able  falts,  and  does  not  com* 
bine  with  the  cauftic  alkalis. 

Tungften  becomes  yellow  in  acids  without  diiTolving,  and  affords  white  cryftallizable 
falts  with  the  alkalis. 

The  author  has  not  purfucd  this  comparative  examination,  becaufe  the  properties  of  the 
•ther  metallic  fubftances  are  fuSiciemly  known.     Me  promifes  to  continue  his  refearcbct 
as  fooa  as  he  (ball  have  procured  more  of  this  mineral. 
r- 

P.  S.  Since  tliis  memoir  was  read  to  the  Inftitute,  Vauquelin  has  reduced  the  mineral- 
izing acid  of  the  red  lead  ore.  This  metal  is  grey,  very  hard,  brittle,  and  eafily  cryflallize* 
in  fmall  oeedles.    The  nitric  acid  acidifies  it  with  conliderablc  difficulty. 


H.  V.  C.  D. 


Oi  fit  JfftSiint  and  Pnptrt'iei  t/Li^hl, 


m 


Ferthtr  Eilftrimenti  and  Ohjirvatitns  on  the  AffeSihnt  and  Proptrttti  of  Light.    Sy  HjSNXT 
BROVGHAM,  jun.  EJq.* 
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Laving  laid  before  die  Royal  Society  an  account  of  a  courfc  ofci(pcriment3+  on 
Iij;'ii,  in  which  I  had  been  engaged,  and  alfo  of  ihe  conslufions  which  thefe  experiments 
bad  taught  me  to  draw ;  1  proceed  in  the  following  paper  to  relate  the  continuation  of  my 
obfervationa ;  which,  I  hope,  may  not  prove  wholly  unintcrcfling  to  fuch  as  honoured  tlje 
former  part  with  their  attention.  I  am  firll  to  unfold  a  new  and,  I  think,  curious  pro- 
pcrty  of  light,  that  may  be  indeed  reckoned  fourfold,  aa  it  holds,  like  the  reft,  equally  with 
icfpcA  to  refra£lion,  reflexion,  inAexion,  and  deflexion  ■,  thus  preferving  entire  the  fame 
beautiful  analogy  in  thcfe  four  operations,  which  we  have  hitherto  remarked.  T  fhall  thea 
confider  feveral  phenomena  connedled  either  with  this,  or  with  the  progenies  before  dC" 
fcribed,  and  of  which  they  ^Sari  fomc  (liiking  con&rmations. 


Ohfervation  I, — THE  fun  Ihining  ftrongly  into  my  darkened  chamber,  I  phccd,  it  a 
finall  hole  in  the  window-lhut,  a  prifm,  with  its  rcfrading  angle  (of  65°)  upwards,  fo 
that  the  fpe£trum  was  call  on  a  chart  placed  at  right  angles  to  the  incident  lays,  and  four 
feet  from  the  prifm. 

In  the  rays  parallel  to  the  chart,  and  two  feel  from  ir,  I  placed  a  pin,  whofe  diameter 
was  ^  of  an  inch,  and  fixed  it  fo  tlial  the  axis  of  its  fliadow  on  the  fpeflrum  might  be 
parallel  to  the  fides  of  the  fpeflrum.  A  fet  of  images  by  reflexion  was  formed  {fimilar  to 
thofe  defcribed  above  J),  all  inclining  to  the  violet ;  but  what  I  chiefly  attended  to  at  prc- 
fent  was  tlicir  fhape.  I  had  always  obfcrved  that  the  part  formed  out  of  the  red-making 
rays  was  broadcft,  and  that  the  other  parts  diminilhed  in  breadth  regularly  towards  the 
tiolct.  I  now  delineated  one  or  two,  at  about  three  inches  from  the  fhadow  ;  and  thougK 
(from  the  pin's  irregularities)  the  fides  were  by  no  means  fmooth,  yet  the  general  fliape 
was  in  every  pin,  and  with  every  prifm  ufed,  nearly  as  rcprefented  in  fig.  i.  Plate  VII. 
divided  in  the  direflion  R  A,  according  to  the  colours  of  the  fpciSrum  in  which  they  were 
formed  ;  R  O  B  A  was  red,  and  the  broadeft  j  that  is,  R  A  was  broader  than  O  B,  tlie 
confines  of  the  red  and  orange  j    and  G  DE  V  was  the  violet,  narroweft  of  all. 

Obftrvat'itn  a. — Between  ihe  pin  and  the  prifm,  ^\  of  an  inch  from  the  pin,  was  placed 
a  fcreen,  through  a  fmali  hole  in  which,  of  twice  the  pin's  diameter,  the  rays  of  the  fpec- 
trum  pafled,  and  were  rcfleaed  into  images  by  the  pin;  thefe  were  pretty  diftind  and 
well  defined,  when  received  on  a  chart  half  a  foot  from  the  pin.  They  were  oblong,  having 
parallel  fides  and  confufed  ends;  they  were  wholly  of  the  colour  whofe  rays  fell  on  the 
fin,  unltfs  when  the  white,  mi«d  with  thofc  at  the  confines  of  the  ycUow  and  grcen^ 


•  Fhilorophicil  TraDfafHont,  171)7. 
t  See  Philof.  Journal  i.  551.  585. 
}  Fhilofophical  Traofdiiioni  for  1796,  page  140,  ( 
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caufcd  the  images  to  he  of  all  the  colours.  When  the  pviriti  was  turned  round  on  its  SKiif 
fo  that  JiUcrcitE  rays  fell  on  ihe  pin,  tliC  images  changed  their  ftzes  as  well  as  their  po- 
fitibos  :    they  were  largeft  when  reil,  and  lealt  when  violet. 

Dbfirvaiiiiti  3.— In  cafa  ic  may  be  thought  that  the  fides  of  the  hole,  through  which  the 
rays  palTed  in  Obfervation  2,  by  inflcfting,  might  difpofc  them,  before  incidence,  into 
beams  of  different  fizes,  I  removed  the  fcreen,  and  phiced  the  pin  horizontally,  the  axis  of 
the  fliadow  being  now  at  right  angles  to  that  of  the  prifmatic  fpeflrnm  ;  and  moring  the 
prifm  on  its  axis,  again  I  obfervcil  the  contr.iclion,  and  dilatation  of  the  images  by  re- 
flection, though  now  they  were  rather  lefs  diHinfl,  from  the  greater  Cze  of  the  incident 
T*eam ;  and  to  fticw  that  there  was  both  a  change  of  fize  and  of  place,  without  any  manner 
of  deception,  I  placed  one  leg  of  a  pair  of  conipaiTes  in  a  fixed  point  of  the  fpeftrum,  and 
the  other  in  the  midtlle  point  of  an  image  formed  by  the  violet-maVmg  rays.  The  prlfin 
being  then  moved  till  the  image  became  red,  1  again  bifetled  it,  and  found  its  centre 
confidcrably  beyond  the  point  of  the  compafTcs,  which  was  indeed  evidently  much  nearer 
one  end  of  the"  image  than  the  other  j  befidcs  that  tlic  red  image,  when  mcafurcd,  was 
longer  than  the  reft  ;  and  this  fatisfied  mc  th.it  there  were  two  changes,  one  of  placfe, 
■with  Tefpecl  to  the  fixed  point,  the  other  of  (izc,  with  refpeft  to  the  centre  of  the 
image.  Laftly,  as  far  as  I  could  judge,  the  dilatation  and  comradion  appeared  even  and 
•uniform. 

Obffrvittkn  4. — I  rcmarled  that  tltc  fringes  or  images,  by  ficxion,  were  aJways  increafed 
hi  fize  when  formed  out  of  red-making  rays,  and  were  lefs  in  every  oilier  colour,  and  lea^ 
in  violet  (befides  being  moved  farther  from  the  edge  of  the  Ihadow  in  the  former  rays  thim 
in  the  latter) ;  and  this  agrees  with  an  obfervaiion  of  Sir  Ifaac  Newton,  as  far  as  he  tried 
it,  which  was  with  refpcdl  to  deflexion.  In  making  feveral  experiments  with  prifms,  I  lut 
on  a  very  remarkable  confirmation  of  this.  1  obferved  on  each  6tle  of  the  fpcdlrum  four 
or  five  diftinft  fringes,  like  the  images  by  reflexion,  coloured  in  the  order  of  the  fpeftrutaf 
but  quite  well  defined  at  the  edge,  and  even  pretty  diftinifl  at  the  end :  they  were  aUb 
much  narrower  than  ihofe  images,  but  like  them  they  inclined  much"  to  the  violet,  and 
■were  broadtft  in  the  red,  growing  narrower  by  dugrets,  and  nacroweft  of  all  in  the  violet. 
I  moved  the  prifm,  ami  they  difappenred  ;  but  w  ben  the  prlfm  was  brought  back  to  its  for- 
mer pofittoii,  they  alio  returned.  I  then  ohferircd  the  prifm  in  open  tight,  and  faw  that 
it  had  veins,  chiefly  opaque  and  white,  running  through  it,  and  tliat  there  wae  feveral  of 
thefe  in  the  plaee  *here  the  light  paflcd  when  the  prifm  was  held  as  before.  But  in  cafe 
the  inclination  and  fhapc  of  thefc  images  might  be  owing  to  the  irreguUr  order  in  which 
the  veins  were  laid,  I  held  another  prifm,  which  happened  to  have  parallel  veins :  in  many 
poOtions  of  this  the  fringes  or  images  returned,  not  indeed  always  fo  regular  nor  alwajrs 
«f  the  fame  kind  j  for  fome  were  confufed  and  broader,  formed  (as  I  concluded  from  tlui 
and  their  pofition)  by  reflexion  j  others  made  by  tranfparcnt  veins  and  air-bubbles  were 
alfo  irregular,  but  inclined  to  (be  red,  the  violet  being  fartheil  from  the  perpendicular, 
and  ihefe  were  obvioufly  cnufed  by  refraflion  •,  yet  all  agreed  in  this,  that  they  were  broadell 
in  the  red,  and  narrowed  in  the  violet  parts. 

iibftrvaiim-i.—l  held,  in  the  dlred  rays  of  the  fun  at  half  an  inch  from  the  fma!!  hole  in 
the  Vindow-flnit,  a  glafs  tube,  free  from  fcratches  and  opaque  veins,  but,  like  moft  glafs 
tbat  is  not  finely  wrought,  having  its  furface  of  a  flrudluie  fomev/hat  £bious.     When  thia 

lube 


I 


On  tie  JJ'i-Hmt  and  Pr^^niei  o/IA^ht.  149 

TuIjc  was  flowly  liitroduccil  into  the  light,  and  fo  held  that  none  of  the  rays  might  be  re- 
frailed,  a  llreak,  chiefly  white,  was  fecn,  fimiiar  io  fliape  and  pofition  to  tliofi;  dcfcribcd 
before  •.  When  narrowly  iufpccled,  it  wa^  found  to  contain  many  images  by  reflexion  in  it. 
Bat  thcfc  were  much  diluted  by  the  abundance  of  white  light,  rcfleiTted  without  dccom- 
pofition  in  the  manner  above-mentioned  1-.  ThisftrcaV  lay  wholly  on  one  fide  of  the  tube; 
but  I  moved  the  lu'^e  onward  a  little,  ant!  another  flieak  darted  tlirough  the  fhadow,  and 
extended  all  ronnd  on  both  fides :  and  new,  when  the  tube  was  In  the  middle  of  tlie  rays, 
there  were  two  breaks  on  both  Gdes,  one  a  little  feparated  from  the  otlier  and  continued 
through  the  QiaJow,  the  other  on  each  fnie  of  the  (badow  :  llie  former  was  evidently  pro- 
duced by  refra^ion  :  it  contained  many  images  very  Jilcc  thofe  by  refleiion,  only  more  vivid 
in  the  colours,  which  were  all  in  the  inverted  older,  the  violet  being  outermoft,  and  the 
reft  ncarell  the  point  of  incidence.  Images  Dmilar  to  thcfc  are  alfo  producible  on  tlie  re- 
tina, as  mentioned  before  %,  . 

Ol'fervotien  $. — J  now  placed  3  prlfin  at  the  hole,  and  made  the  fame  images  by  rc- 
fraffion,  out  of  homogeucal  light.  Thefc  inclined  to  ihc  rcH,  not  (like  images  by  re- 
flexion) to  the  violet  j  but  ihcy  were  broadeft  in  the  red,  and  grew  narrower  towards  the 
violet  parts.  In  Qiort,  when  viewed  bcfidc  the  images  by  reflexion,  except  in  point  of 
brightncfs  and  inclination,  they  dilTcred  from  them  in  norefpcft. 

The  three  ftrlt  experiments  Ihcw,  that  when  homogcneal  light  is  reflcfled,  fome  rays  are 
conllandy  dlfpofed  into  larger  images  than  others  arc,  that  is.  Into  images  more  diftended 
in  length,  though  of  the  fame  breadth.  The  fourth  experiment  (hcwsj  that  the  fame  take* 
place  when  light  is  inflefled  and  dellciSed ;  and  the  two  lall  fliew  that  the  fame  happens 
when  the  rays  ate  tcfraded  in  a  way  fimitar  or  analogous  to  tliat  in  whicli  the  other 
images  were  produced  by  reilcxion  and  flexion. 

We  arc  now  to  (hew,  tliat  this  difference  of  fi^e  is  not  owing  to  t]ic  diiFercnt  rellexibi- 
lities  and  flexibilities. of  the  raye.  In  order  to  this  we  Iliall  both  dcmont\rate,  and  then 
prove  by  experience,  "  that  inflexion  and  deflexion  do  not  decompound  heterogeneous 
rays,  whofc  direilion  is  fochj  that  tliey  fall  on  clic  bending  body."  In  Eg-  2.  let  A  B  be 
the  body,  GH,  El",  (JI>,  the  limits  of  its  fphercs  of  deflexion,  inflexion,  and  reflexion,  rc- 
fpcOively  ;  and  let  J  P  be  a  wliite  ray  of  diretl  Hght  entering  at  V  the  fphctc  of  deflexion  : 
through  P  draw  LK.  at  right  angles  to  GH  •,  IP  will  be  feparated  into  PR  red,  and  PV 
violet,  and  the  five  other  colorific  rays  accotding  to  their  deflcxibiiities;  at  R  and  V  draw 
the  perpendiculirs  ST  and  QO-,  then  tlic  alternate  angles  PRT,  RPL;  and  PVQ,  VPL 
arc  equal  each  to  each.  Eut  TRP  and  QVP  arc  tlie  angles  of  incidence,  at  which  the 
red  and  violet  epter  the  fphere  of  inflexion  j  and  RPL,  VPL  are  the  angles  of  deflexion  of 
the  red  and  the  violet ;  therefore  the  diflcrencc  of  the  two  latter,  that  is  RPV,  is  like- 
wife  the  diSirrcncc  of  the  two  former.  Suppofe  this  difference  equal  to  nothing ;  or  that 
PV  and  PR  ace  parallel  i  then  rRS  the  angle  of  the  red's  inflexion  will  be  lefs  than  vVO 
the  angle  of  the  violet's  inflexion,  by  the  angle  RPV:  (when  not  evanefccnt)  add  RPV 
to  rRS  i  then  rp,S  will  be  equal  to  vVO  :  that  is,  (he  divergence  will  be  deftroyed,  and  the 
rays  enter  the  fphcre  of  reflexion,  parallel  and  un decompounded.  It  is  evident,  therefore, 
that  the  effcrt  ariiing  from  the  different  deflexibllities  of  the  rays  is  dcilroycd  by  the  equal 
.:^  Phil.  Trarf.  IT?6.  p»ge  »i6.  or  PliJlof.  Juumal  i.  555.  +  Itii.p-aj-".  orPIiil.  Joumal  i.  55*. 
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and  oppofite  e^ft  produced  by  iheir  different  inflexibilities;  and  the  fame  thing  may  in  HIc* 
manner  be  flicwn  lo  happen  in  the  return  of  the  rays  from  the  body  after  reflexion.  But 
let  the  rays  be  fo  reflefled  that  they  (hall  pafs  by  the  body  without  entering  any  more  than 
one  rphere  of  flexion;  then  they  will  befeparated  by  their  flexibilities,  as  we  before  dcfcribed. 
It  appears,  (hen,  that  if  the  rays  of  light  were  not  differently  teflexible,  flexion  could  never 
produce  the  coloured  images,  by  feparating  the  compound  light.  And  indeed,  this  may  be 
eaCly  proved  by  faft,  At  144  feet  from  the  bending  bodi ,  the  grealcft  fringes  by  flexion 
*rc  only  half  an  inch  in  length,  whereas  the  fourth  or  fiftli  images  by  reflLxion  arc  above 
half  an  inch  at  one  foot  from  the  reflecting  furfaeer  die  one  fort  is  ihereforc  more  thaa 
144  times  more  difteiided  than  the  other,  whereas  the  flexion  could,  ai  the  very  ferlhcft, 
only  double  them.  .Alio  the  diftinflnefk,  and  brigbtnefs,  and  regularity  lif  the  colourings 
arc  quite  diiFcrcnt  in  the  two  cafes  -.  ihc  fuppofed  caulfe  would  ncuiici  account  for  the  order 
of  the  colours,  nor  for  iheir  ablencc  in  common  fpccular  reflexion,  and  refraflion  tlirougtt 
two  prifms  joined  together  with  their  angles  the  contrary  ways.  Laftly,  it  we  fuppofe  the 
images  to  be  produced  by  flexion,  and  then  reflefled  Irom  the  body,,  it  would  follow  that 
light  incident  on  a  prifm  OioulJ  be  decompounded,  formed  into  federal  colbured  images^ 
and  then  refrained,  the  violet  being  lealt,  and  the  red  mod  bent ;  all  which  is  perfefliy  the  re- 
verfc  of  what  affltially  happens.  I  have  multiplied  the  |iroofol  tiiis  propofition,  perhaps  beyond. 
what  isncceflatyi  but  its  great  importance  to  the  whole  theory  will,  I  hope,  plead  myexcufe^ 
Let  lis  now  fuppofe  that  a  bomogeneal  beam  palles  through  the  fpheres  of  flexion,  it  will 
follow  that  no  divergence  can  take  place  from  the  bending  power  of  the  body  ;  fo  that  we 
have  only  to  ellimatc  the  effeA  produced  by  the  reflexion,  and  to  enquire  whether  the  di& 
ferent  reflex ibilittes  of  the  rays  can  caufe  the  images  to  vary  their  fizes  according  as  ihey 
arc  formed  by  different  rays.  In  fig.  3.  let  AB  be  the  body,  CD  the  limit  of  its  fphcre  oC 
reflexion,  and  I?  a  beam  of  homogeneal  rays,  as  led,  incident  at  P  and  refle^ed  to.R,  form- 
ing there  the  image  Rr.  It  is  evident  that  the  greater  reflexibiHty  of  the  rays  IP  can  only 
alt<:r  the  pofilion  of  the  centie  of  Rr,  making  it  nearer  the  perpendicular  than  the  centre  of 
an  image  formed  by  any  other  rays  would  be.  But  the  greater  length  of  Rr  fticws  that  a. 
greater  quantity  of  rays  is  reflefled,  or  that  the  fame  quantity  is  fpread  over  a  greater  fpace,, 
and  that  in  the  following  way.  Let  IF  f  i  be  abeam  of  violet-making  rays  entering  ABCD, 
*nd  reflL'^ed  fo  as  to  form  the  image  Rv.  The  force  exerted  by  AB  decreafing  according  to 
fbme  law  ^of  which  we  arc  as  yet  i^iuiranl)  as  the  diltance  increafes,  is  not  fufficient  to  lurnche 
rays  back  till  they  have  come  a  certain  length  within  ABCD.  But  for  the  fame  reafon  it  IU»8 
back  all  that  it  docs  reflefl  before  they  come  nearer  than  a  certain  diftance  :  between  thefe 
Iwo  limits,  therefore,  the  rays  are  turned  back.  But  the  limits  are  not  the  fame  to  all  the 
rays  •,  fome  bejiio  to  be  tntned  at  a  greater  cliftance  from  the  body  than  others,  and  confc- 
quentlyare  reflected  to  a  greater  diflance  from  the  middle  ray  of  the  incident  beam.  Thus 
if  IF  f  i  be  changed  10  a  red-making  beam,  it  begins  to  be  turned  back  at  f,  and  the  rayi 
farthell  from  AD  are  refledled  to  r  inftead  of  to  v,  where  they  fell  when  IF  fi  was  violet- 
making  ;  not  but  that  iha  fame  quantity  of  rays  is  refleflcd  :  the  only  difference  is,  that  the 
mofl  reflcxible  are  reflcfted  farOicft  from  the  body  by  their  [jreatcr  reflexibiliry,  and  fartheft 
from  each  other  by  this  oiher  property.  ExaiElly  the  fame  happens  in  the  cafe  of  refraftion^ 
mutatis  mutandis;  but  there  fcems  to  be  a  flight  variation  in  the  manner  in  which  the  dif- 
fitfciit  lays  ue  difpofed  into  images  of  difTerent  fixes  by  flexion.     In  this  cale  alfo  the  bend. 
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ing  body's  aflion  reaches  farther  when  exerted  on  fome  rays  than  when  exerted  on  others  : 
but  then,  the  direction  of  the  rays  not  palHiig  through  the  body,  thofc  which  are  fai  iheft  off 
and  at  too  great  a  diflance  to  be  bent,  never  coming  nearer,  are  not  bent  at  all ;  and  con- 
fequently  as  the  leaft  flexible  rays  arc  in  this  predicament  at  ihe  fniallcft  diftance,  and  the 
moft  flexible  not  till  the  diftance  is  greater,  the  images  formed  'out  of  the  former  muft  be 
lefs  than  thofe  formed  out  of  the  latter.  This  ditfcrencc  in  tlie  way  in  which  the  pheno- 
menon appears,  docs  not  argue  the  fmalled  difference  in  the  caule  :  it  only  follows  from  the 
different  pofition  of  the  rays,  with  refpcfl  to  the  ailing  body,  in  the  two  cafcs.  I  infer  thi;n 
from  the  whole,  that  different  forts  of  rays  come  within  the  fphercs  of  flexion,  reflexion, 
and  refraction,  at  different  dillances,  and  (hat  the  actions  of  bodies  extend  fartheft  when 
exerted  on  the  molt  flexible.  It  may  perhaps  be  confident  with  accuracy  and  convenience 
to  give  a  name  to  this  property  of  light -,  we  may  therefore  fay  that  the  rays  of  light  differ  tn 
degree  of  refrangity,  reflexity,  and  flcxity,  comprehending  inflexiiy  and  Jeflexiiy.  From 
tbefe  terms  (uncouth  as,  like  all  new  words,  they  at  firft  appear)  no  confufion  can  arife, 
if  we  always  remember  that  they  allude  to  the  degree  of  diftance  to  which  the  rays  arc  fub- 
jeH  to  the  ailion  of  bodies.  I  fliall  only  add  an  ilhltration  of  this  property,  which  may 
tend  to  convey  a  clearer  idea  of  its  nature.  Suppofc  a  magnet  to  be  placed  fo  that  it  may 
attraft  from  their  courfe  a  ftream  of  iron  particles,  and  let  this  ftrcam  pafs  at  fuch  a  dif- 
tance that  part  (if  it  may  not  be  affefled  at  all :  thofe  particles  which  are  attracted  may  be 
conceived  to  ftrike  on  a  white  body  placed  beyond  the  magnet,  and  to  make  a  mark  there  of 
a  fize  proportional  to  their  number.  Let  now  another  equal  ftream  confiderably  adul- 
terated  by  carbonaceous  matter,  oxygen,  &c.  pafs  by  at  the  famt  diftance,  and  in  the  fame 
diredion.  Part  of  this  will  atfo  be  attracted,  but  not  fo  far  from  its  courfe,  nor  wilt  an 
equal  number  be  affeJled  at  all ;  fo  that  the  mark  made  on  the  white  body  will  be  nearer 
the  direflion  of  the  flream,  and  of  lefs  fize  than  that  made  by  the  pure  iron.  It  maUcrs 
not  whether  all  this  would  aiStually  happen,  even  allowing  we  could  place  the  fubjefls  in 
the  fituation  defcribed  :  the  thing  may  eafily  be  conceived,  and  affords  a  goorf  enough  Uluf^ 
(ration  of  what  happens  in  the  cafe  of  light. 

Purfuant  to  the  plan  I  before  followed,  I  now  tried  to  tneafure  the  different  degrees  of  re- 
flexiiy,  &c.  of  the  different  rays;  but  though  the  meafurements  which  I  took  agreed  in 
this,  that  the  red  images  were  much  larger  than  the  reft,  and  the  green  appeared  by  them  of 
a  middle  fize,  yet  they  did  not  agree  well  enough  (from  the  roughnefs  of  the  images,  and 
feverat  other  caufes  of  error)  to  authorize  us  to  conclude  with  any  certainty  «  that  the 
a£lion  of  bodies  on  the  rays  is  in  proportion  to  the  relative  fizcs  of  thefe  rays,"  This,  how- 
ever, will  molt  probably  be  afterwards  found  to  be  the  cafe :  in  the  mean  time  there  is  Httlc 
doubt  that  the  fizes  are  the  caufe  of  the  fi.tt. 

II. 

SEVERAL  phenomena  arc  calily  explicable  on  the  principles  jutl  now  Uid  down. 

I.  If  a  pin,  hair,  thread,  &c.  be  held  in  the  rays  of  the  fun  refracted  through  a  prifm,  ex- 
tending through  al!  the  fcven  colours,  a  very  fmgular  deception  takes  place:  the  l>ody  ap- 
pears of  different  lizcs,  being  largeft  in  the  red,  and  decreafing  gradually  towards  the  violet. 
This  appearance  fcemcd  fo  extraordinary,  that  fome  friends  who  happened  to  fee  it  as  well  as 
•  myfelf, 
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inylc)^,  fufpefled  the  body  rouft  be  irregular  in  its  fhape.  On  invenirg  it,  however,  the 
fafhc  thing  look  place ;  and  on  turning  the  prifm  on  its  axis,  fo  that  the  different  rjys  fuc- 
ccflively  fell  on  the  fame  parts,  the  vifiblc  inagniiuJe  of  the  body  varied  wltli  the  rays  that 
illuminated  it.  This  appearance  is  readily  accounted  for  by  the  different  reflexity  of  rfie 
rays,  and  follows  immediately  from  Obfervaiion  jd  and  3d. 

2.  Sir  Ifaac  Newton  found  that  the  rings  of  colours  made  by  thin  plates,  and  by  thick 
plates  of  glafs  {as  he  calis  them),  when  formed  of  homogeneal  light,  varied  in  fizc  with  the 
rays  that  made  them,  being  Urged  in  the  moft  llcxiblc  rays.  I  have  had  the  pleafure  of  ob- 
fervingfeveral  otlier  forts  of  rings,  fo  extremely  (imibr,  and  furmed  by  flexion,  ihal  I  can 
110  lojiger  doubt  of  this  being  alfo  the  caufe  of  the  phenomena  obferved  by  Newton.  I  (hall 
'  firft  defcribe  a  fpccics,  to  prove  "  that  the  colours  by  thick  and  thin  pUtes  are  one  and  the 
fame  phenomena,  only  differing  in  the  thitknefs  of  the  plate."  H^ppsning  to  look  by 
candle  light  upon  a  round  concave  plate  of  braft,  pretty  well  poiifhed,  fo  as  to  refietSl  light 
enough  for  (hewing  an  image  of  the  candle,  I  waa  furprifed  to  fee  that  imagf?  furrounded 
by  federal  waves  of  colours,  red,  green,  and  blue,  diipofed  in  pretty  regular  order.  This 
was  fo  uncommon  in  a  metallic  fpeculum,  that  1  examined  the  thing  very  minutely  by  a 
variety  ol  exi^eriments ;  ihefe  I  (hall  not  particularly  now  defcribe,  but  give  a  general  idea 
of  their  refults. 

it  muft  be  obferved,  for  the  fake  of  clearnefs,  that  in  the  following  enquiries  concerning 
the  formation  of  rings  or  fringes,  the  diameter  of  a  ring  or  fringe  means  the  line  paDing 
through  the  centre  of  that  ring,  and  terminated  at  both  ends  by  the  circi-inferencc;  whereas 
the  breadth  means  that  part  of  the  diameter  intercepted  beiwccn  the  limits  of  the  ring,  oE 
the  diftance  between  its  extreme  colours,  red  and  violet. 

In  the  firft  place,  they  were  formed  by  the  fun's  light  in  the  figure  of  ring*,  furroundlng 
the  centre  of  the  fpherc  to  which  the  plate  was  ground,  at  greater  diOances  increafing 
their  breadths,  the  colours  pretty  bright,  though  inferior  in  brilliancy  to  tbofe  of  concave 
fpecula. 

Secondly,  the  order  of  the  colours  was  in  all  red  outermoO,  and  violet  or  blue  m- 
nermod,  with  a  greyifli-blue  fpot  in  the  common  centre  of  the  whole  ;  and  on  moving 
the  plate  from  the  perpendicular  politjon,  the  rings  moved  and  broice  exaflly  like  thofe  of 
fpecula. 

In  the  third  place,  homogeneal  light  made  them  of  fimplc  colours  j  they  were  broadeft 
when  red,  narroweft  when  blue  and  violet. 

Fourthly,  they  decreafed  in  breadth  from  the  centre;  and  T  found  by  a  fimpic  con- 
tiivancc,  that  they  were  to  one  another  in  the  very  fame  ratio  that  the  rays  by  fpecula 
follow. 

In  the  fifth  place,  I  compared  the  genera!  appearance  of  the  two  forts  by  viewing  them  at 
the  fame  time,  and  was  ftruck  with  their  general  appearance,  uiilefs  that  thcfc  of  fpecula 
were  moft  vivid  and  difttnfl. 

Thefe  things  made  me  fufpcft  that  they  were  aftually  caufed  by  the  thin  coat  of  gums 
with  whifh  the  forface  of  the  plate  was  varnKhed,  called  lacker.  Accordingly  I  took  it  oiF 
with  fpirit  of  wine,  snd  found  the  rings  difappear;  on  lackering  it  again  they  returned  ; 
and  in  like  manner  I  caufed  a  well  finifhed  concave  metal  fpeculum  to  form  the  rings  of 
-which  we  are  fpeaking,  by  giving  it  a  thih  coat  of  lacker.    This  is  a  clear  proof  that  ibeVe 
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Yings  were  exa^ly  the  fame  with  thofe  of  thick  plates  (to  u(e  Newton's  expreflion) ;  for 
the  coat  of  gums  is,  when  thin,  pretty  tranfparent,  as  may  be  feen  by  laying  one  on  glafs 
plates. 

But  this  coat  is  extremely  thin,  and  cannot  exceed  the  2octh  part  of  an  inch  ;  fo  that  the 
colours  of  thick  plates  are  in  fa£l  the  very  fame  with  thofe  of  thin  plates,  except  that  die 
two  kinds  are  made  by  different  fixed  plates.  We  cannot,  therefore,  diftinguifli  them,  any 
more  than  we  do  the  fpeftrum  made  by  a  prifm  whofc  angle  is  90^  from  that  made  by  one 
whofe  angle  is  20®»  This  kind  of  colours  is  not  the  only  one  I  have  obfcrved  of  nearly  tlic 
fame  kind  with  thofe  of  plates  y  we  fhall  prefently  fee  another  much  more  curious  and  re* 
markable. 

III. 

IN  reflefting  on  the  obfervations  and  conclufions  contained  in  my  former  paper,  (everal 
cpnfequences  feemed  to  follow  which  appeared  fo  new  and  uncommon,  that  I  began  to 
xloubt  a  little  the  truth  of  the  premifes  ;  but  at  any  rate  was  refolded  to  examine  more  mi- 
nutely how  far  thefc  inferences  might  be  confident  wiih  fadl :  and  I  am  happy  in  being  able 
to  announce  the  completenefs  of  that  confiflency,  even  beyond  my  expectations.  The  chief 
confequences  wer«  the  following  : 

1.  That  a  fpeculum  (hould  produce,  by  flexion  and  reflexion,  colours  in  its  refle£led  light 
wherever  it  has  the  leaft  fcratch  or  impcrfe£tion  on  its  fnrface. 

2.  That  on  great  inclinations  to  the  incident  rays  all  fpecula,  however  pure  and  highly 
polifhed,  {hould  produce  colours  by  flexion. 

3.  That  they  (hould  alfo  in  the  fame  cafe  produce  colours  by  reflexion. 

4.  That  Icnfes,  having  the  fmallcft  imperfe£lions,  (hould  produce  by  flexion  colours  in 
their  refradled  light. 

5.  That  there  (bould  be  many  more  than  three,  or  even  four  fringes  by  flexionj  invifible 
to  the  naked  eye.     And, 

6.  That  Iceland  cryftal  (hould  have  fome  peculiarities  with  refpe£l  to  flexion  and  re- 
flexion ;  or  if  not,  that  fome  information  (hould  be  acquired  concerning  its  fingular  proper- 
ties refpeding  refra£tion. 

The  manner  in  which  the  firft  of  thefe  proportions  is  demonflratcd  a  priori,  is  evident 
from  the  4th  figure,  where  CD  is  the  refle^ing  furface,  vo a  concavity  bearing  a  fmall  ratio 
to  CD,  Ao  and  AB  rays  proceeding  to  CD.  The  one,  AB,  will  be  feparated  into  Br  red^ 
and  Bv  violet,  by  deflexion  from  o,  and  will  be  reflected  to  r'  v^  forming  there  the  fringes.. 
The  other,  Ao,  being  refleded,  will  be  feparated  into  Bx  and  By,  by  deflexion  from  r^ 
forming  other  fringes,  xy,  on  the  fide  of  vo's  (hadow  oppofite  to  r  V.  Alfo  when  vo  is  con- 
vex inftead  of  concave,  the  like  fringes  will  be  produced  by  the  rays  being  defleded  in  pa(r- 
ing  by  its  fides.  Laftly,  when  vo  is  a  polifhed  ftreak,  images  by  reflexion  will  be  produced,  as 
defcribcd  Phil.  Tranf.  for  1 796,  p.  269.  (Philof.  J.  i.  593.)  The  fame  pafTage  will  alfo  (hew  the 
reafon  why,  on  great  inclinations,  colours  by  reflexion  (hould  be  produced.  And  the  fecond 
propofition,  with  refpeA  to  flexion,  follows  from  what  was  demonftrated  in  this  paper  (p.- 149 
and  150) ;  it  being  that  cafe  where  the  rays  either  leave  or  ^1  on  the  (peculum  at  fuch  an 
indtnation  as  to  come  only  within  the  ^bere  of  inflexion,  without  being  liefla&ed.    The 
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fourth  propoiition  is  merely  a  fimple  cafe  of  flexion.     And  the  two  lad  require  no  ]lluftra-« 
tion.     I  (hall  now  relate  how  I  inquired  into  the  truth  of  thefe  things  a  pofteriori. 

Obfirvation  T. — Looking  at  a  plane  glafs  mirror  cxpofed  to  the  fun's  light,  I  obferved  that 
op  and  down  its  furface  there  were  minute  fcratches  (called  hairs  by  workmen),  and  that 
rach  of  thefe  i;cflccled  a  bright  colour,  fome  red,  others  green,  and  others  blue.  On  mov- 
ing the  mirror  to  a  difFcrcnt  inclination,  or  my  eye  to  a  difFerent  pofition  with  refpeftto  th^ 
mirror,  I  faw  the  fpecies  of  the  colours  change  j  the  red,  for  inftance,  became  green,  and 
the  green  blue.  1  applied  my  eye  clofe  to  the  mirror,  and  received  on  it  the  light  refle£le(t 
from  one  hair.  I  obferved  feveral  diflinfl  images  of  the  fun  much  diftended  and  regularly 
coloured,  juft  like  thofe  Jefcrlbed  above  ;  the  fame  appearances  were  obfervable  in  all  fpe- 
cula,  metal  and  glafs,  which  had  thefe  hairs,  and  1  ne\er  faw  any  metal  one  without  fome : 
their  fize  is  exceedingly  fmall,  not  above  -j-J^^-  of  an  inch.  Rubbing  a  minute  particle  of 
greafe  on  the  furface  of  the  fpcculum,  images  were  feen  oa  the  fibrous  furface;  and  they 
always  lay  at  right  angles  to  that  direction  in  which  the  greafe  was  difpofed  by  drawing  the 

band  along  it. 

Obfirvation  2.— Befides  thefe  poliflied  hairs,  many  fpecula  have  fewer  or  more  fmall  (^cks 
and  threads,  rough  and  black.  Perhaps  every  polifhed  furface  is  ftudded  with  a  number  of 
fmall  ones,  inVifible  to  the  naked  eye  from  the  quantity  of  regular  light  which  it  rcflcfts. 
1  took,  from  a  reflecting  telefcope,  a  fmall  concave  fpeculum  not  vtiy  well  finifliedi  its 
furface  (hewed  feveral  fpecks  to  the  naked  eye,  and  many  with  a  microfcope.  Its  diameter 
was  ^^  of  an  imh,  its  focal  diftance  two  inches,  and  the  fphere  to  which  it  was  ground 
eight  inches  diameter.  1  placed  it  at  right  angles  to  the  rays  of  the  fun,  coming  through  a 
fmall  hole  -^^o^  zi\  inch  diameter,  into  a  very  well  darkened  room  j  I  then  moved  it  verti- 
cally, fo  that  the  rays  might  be  reflcfl^d  to  a  chart  la  inches  from  the  fpeculum,  and  con* 
feqoently  lo  from  the  focus:  and  though  the  focus  appeared  white  and  bright,  yet  on  the 
chart  the  broad  image  was  very  difl^erent.  It  was  mottled  with  a  vaft  number  of  dark  fpots  ;. 
thefe  were  of  I  wo  forts  chiefly,  circular  and  oblong.  Of  the  former  a  confiderable  number 
were  diftinft  and  large,  the  reft  fmaller  and  more  confufed,  but  fo  numerous  that  thejt 
feemed  to  fill  the  whole  image.  None  were  quite  black,  but  rather  of  a  blueifti  grey,  and 
the  i>blong  ones  had  a  line  of  faint  light  in  the  middle,  juft  as  is  the  cafe  in  fliadows  of  fmall 
bodies.  But  the  chief  thing  which  I  remarked  was  the  colours.  Each  oblong  and  round 
Ipot  was  bordered  by  a  gleam  of  white,  and  feveral  coloured  fringes  feparated  by  fmall 
dark  fpaccs.  The  fringes  were  exadly  like  thofe  furrounding  the  fhadows  of  bodies,  of  the 
fame  (hape  with  the  dark  fpace,  having  the  colours  in  the  order,-  red  on  the  outfide,  blue  or 
violet  in  thcinfide— the  innermoft  fringe  was  broadeft,  the  others  decreafing  in  order  from 
the  firft.  I  could  fomctimcs  fee  four  of  them,  and,  when  made  at  the  edge  of  the  large 
image,  I  could  indiftin£tly  difcern  the  lineaments  of  a  fifth:  when  two  of  the  fpots  were 
very  near  one  another,  their  rings  or  fringes  ran  into  one  another,  eroding.     » 

Ohfervation  3. — When  the  chart  was  removed  to  a  greater  diftance,  as  fix  htt^  the 
fringes  were  very  diftin£l  and  large  in  proportion ;  alfo  the  fmaller  fpots  became  more  plain, 
and  their  rings  were  feen,  though  confufedly,  from  mixing  with  one  another.  When  the 
fpeculum  was  turned  round  horizontally,  fo  tfiat  its  inclination  to  the  incident  rays  might 
hie  greater,  the  diftance  of  the  chart  remaining  the  fame  {by  being  drawn  round  in  a  circle), 

the 
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&e  i^ts  and  fringes  evidemly  wer^  diftended  in  breadths    I  have. endeavoured  tp  OLhilut  tlie 

(iin*s  image,  as  mottled  wich  fringes  or  rings  and  fpots,  in  fig.  5. 

Obfervation  4.-^!  placed  the  fpeculum  behind  a  fcreen  with  a  hole  in  it,  through  which 

were  let  pafs  the  hooiogeneal  rays  of  the  fun,  feparated  by  refraclion  through  a  prifm  ;  this 

being  turned  on  ks  axis,  the  rays  which  fell  on  the  fpeculum  were  changed ;  the  fringes 

were  now  of  that  colour  whofe  rays  fell,  and  when  the  rays  (hifced,  the  fringes  contracted 

or  dilated,  being  hroadeft  in  the  mofl  flexible  rays,  aud  confequently  in  xhofe  whofe  flexity 

is  greaicft.     s  •  * 

[To  he  continiUd,']    ■    Ir    /  ■'^     \  - 
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III. 

EnqulrUs  rtffeOing  the  Colouring  Matter  of  Vegetables^  and  the  ABlon  of  Metallic  Subflanees  and 
their  Oxides  upon  them;  together  with  a  New  Procefs  for  obtaining  Lakes  of  the  mofi  sn-^ 
tenfe  and  folid  Colours.  Read  to  the  National  Infiitute  (of  France)  15  Vendemiaire^  in  the 
Year  VL     By  the  C.  G  vrrON  *. 

I  A  I N  N  -£  U  S,  the  great  naturalift  of  the  north,  had  affirmed  that  the  red  colours  of  vte- 
getables  aruiounce  the  prefence  of  an  acid.  It  was  long  ago  obferved,  that  the  juice  of  the 
violet  acquires  a  beautiful  blue  (hade  in  veflels  of  lin,  the  ufe  of  which  metal  was  recom* 
mended  in  difpenfatories  for  the  preparation  of  violet  fyrup  ;  and  the  original  colour  of  fuch 
fyrups  as  had  been  changed  by  keeping,  was  reftored  by  long  digeftion  in  tin.  Little 
attention  however  was  paid  to  the  caufe  of  thefe  phenomena ;  and  our  aflbciate,  BerthoUet^- 
in  his  Elements  of  the  Art  of  Dyeing,  had  pointed  it  out  no  otherwife  than  by  conjedtpre, 
when  he  fuppofed  an  acid  to  have  combined  with  the  oxide  formed  at  the  fur&ce  of  the 
tin. 

Such  was  the  ftate  of  our  knowledge  on  this  fubjeft,  when,  from  the  ftriking  difference  of 
colo4r  of  two  preparations  of  the  fame  fruity  I  undertook  to  examine  the  circumfiances  in 
which  thefe  changes  take  place. 

I  fupprefs  the  detail  of  experiments  to  which  I  fubje£ked  almoft  all  the  acid  coloured  fruits 
in  fucceffion,  fuch  as  the  ftrawberry,  the  goofeberry,  the  plum,  as  well  as  the  petals 
of  flowers,  turnfol,  fernambouc,  turmeric,  &c«  by  treating  them  comparatively  in  veflels 
of  glafS)  of  porcelain,  of  metal,  and  metallic  alloys,  or  by  keeping  >them  in  digeflion  on 
plates  of  metal  perfe^y  cleaned,  or  upon  metallic  oxides.  I  ihall  confine  myfelf  at  prpfent 
to  fuch  refults  as  may  improve  the  theory  of  vegetable  colours,  .-or  afford  fome  ufeful  appljL 
cations  to  the  procefles  of  the  arts.  * 

Thefe  experiments  prove  that  theredcdour  of  fruits  is  manifefllyowing  to  the  real  a£kioil 
cf  their  peculiar  acid  upon  their  colouring  matter. 

That  tin,  when  itbri^itens  or  reftores  the  colour  of  violets,  does^^hing  more^than  re- 
fume,  by  fuperior  affinity^  the  acid  which  had  cauied  it  tatum  red.  ;-''   - 

That  tin  or  its  oxide  is  not,  as  has  hitherto  been  thought,  the  otif  metal  which  cxercife^ 

*  Tranflated  fifom  La  I>«cide  phil«f.  litt.  et  polidjui^  ^ia,  n.  A»  YI.  ^ 
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thisai&nity ;  but  that  lead,  bifmutb,  antimony,  and  zinc,  produce  the  fame  effe<Sl ;  that  it 
takes  place  more  fpeediiy  and  completely  with  iron  ;  and  that  the  conta£l  of  all  thefe  metals 
produces  a  very  perceptible  violet  tinge  in  fuch  infufions,  as  without  this  circumflance  are. 
of  a  lively  and  decided  red  colour. 

That  the  green  and  acid  part  of  fruits  does  not  contain  the  colouring  principle  which  19 
difpofed  to  become  red  with  acids  ;  and  that  the  coloured  part  retains  in  combination 
that  portion  of  acid  which  is  neceifary  to  maintain  the  ftate  of  re-a£tion  that  determines  the 
fhade. 

That  although  this  colouring  principle  is  modified  in  certain  vegetables  fo  far  as  to  refiil 
acid  or  alkaline  re-agents  to  a  certain  degree,  as  fernambouc  with  regard  to  acids,  and  turn- 
fcA  with  regard  to  alkalis,  yet  it  may  be  brought  to  this  condition  ;  which  feems  to  (hew  that. 
It  is,  if  not  edentially  yet  at  leaft  originally,  of  the  fame  nature* 

That  the  metallic  joxides  are  not  all  equally  proper  to  feize  and  fix  vegetable  colours; 
that  fome  among  them  appear  to  attack  them  with  more  facility,  while  othcjrs  retain  them 
with  very  little  power. 

Lafily,  that  the  new  metal  called  tungften,  carried  to  the  laft  degree  of  oxjrgenatioa,  which : 
has  not  hitherto  been  tried  in  this  refpedl,  has  a  decided  advantage  over  all  the  other  me- 
tallic oxides ;  that  it  is  capable  of  forming  lakes  of  great  value  to  painters,  which  perfe£il]f( 
rcfift  the  proofs  of  lime-water,  of  acetic  acid  or  radical  vinegar,  of  hydro-fulphureous  gas^.. 
and  even  to  a  certain  point  <he  oxygenated  muriatic  acid  gas^  that  enemy  of -colours,  which 
burns  them  fuddeniy,  and,  according  to  the  expreffion  of  Citizen  BerthoUet,  reprefents  in  a  few 
inftants  the  combined  a£lion  of  air  and  light.     We  (hall  be  lefs  furprifed  at  this  aflertionv., 
when  it  is  recollected  that  this  is  the  only  metallic  oxide  which  eludes  the  folvent  power  of  ^ 
the  three  mineral  acids.. 

The  oxide  of  tungften  eafily  becomes  charged  with  the  colours  of  all  vegetable  matters. 
I  have  hitherto  found  no  more  than  one  exception  in  the  petals  of  nic-ago,  of  which  I  have 
not  been  able  to  extra£l  the  fme  purple  red,  without  being  yet  able  to  fufpe£t  the  cauCe  of. 
this  difference. 

.    In  general,  the  lakes  formed  wkh  this  oxide  become  deeper  inftead  of  fainter  wfaeo  they 
are  diluted.     It  is  necefTary  to  foften  the  (hade.     I  have  remarked  that  they  acquire  fliU. 
more  intenfity  when  the  oxide  has  been  previoufly  rendered  blue  by  boiling  tc  in  vinegar. 

One  of  our  aflbciates.  Citizen  Vauquelin,  being  informed  cf  the  objeft  of  my  refearches^ 
dtre£ked  my  attention  to  aloes.  Citizen  des  Fontaines  had 'the  goodnefs  to  procure  me  ieveral 
kinds.  I  (halt  fpeak  only  of  that  which  bears  the  name  of  feccotrtne.  I  made  experiments  on 
this  plant,  which  is-  one  of  the  moft  rich  in  colour,. though  it  does  not  exhibit  the  fltghteft 
appearance  while  the  equilibrium  of  its  principles  is  maintained  by  the  energy  of  vegetable 
life.  The  woody  fibre,  which  is  the  external  part,  then  fcrves  as  the  covering  of  a.  very 
vifcid  matter,  of  a  greenilh  white  colour,  weakly  acid ;  but  fcarcely  has  this  matter  been 
expofed  to  the  air  before  it  afTumes  a  very  lively  red  purple  colour,  which  b«oomes  very 
abundant  by  the  prognefs  of  fermentation.  I  have  formed  lakes  of  this  matter  with  alumine, 
nxide  of  tin,  and  the  white  oxide  of  zinc.  None  of  them  were  comparable  to  that  prepared 
with  tungften.. 

I  do  not  doubt  but  that  the  oxide  of  this  new  metal  may  likewife  be  ufeful  in  the  compo* 
fitlon  of  colours  for  dyeing,  at  lead  for  the  dyeing  of  filks^  which  arc  not  intended  to  with<» 
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ftand  alkaline  proofis.    The  oxide  of  tin  is  ufefiil  in  thefe  proceflcs,  becauie  it  is  not  cafily 
attacked  by  acids  ;  but  our  oxide  is  abfolutely  infoluble. 

I  (ball  conclude  by  a  reflexion  which  may  render  thefe  refearches  more  interefting. 
Wolfram,  from  which  this  oxide  is  obtained,  is  found  in  the  territory  of  the  (French)  Re- 
public. Several  mines  are  already  known,  and  the  French  chcmifts  have  been  for  fome 
years  paft  employed  in  iimplifying  the  procefles  by  which  it  is  feparated  from  foreign  fub* 

flances*  • 

We  may  therefore  hope  that  the  properties  I  have  here  dcfcribcd  will  fupply  artifts  with 
additional  means  of  giving  durability  to  the  productions  of  genius,  and  may  open  a  new 
branch  of  natioital  induftry. 


IV. 

AMraEI  of  a  Memoir  on  Camphor  and  the  Can^horfc  jfcidj  read  to  the  Fir/l  Clafs  of  the 
National  Inftitute  of  France.    By  BOUILLON  la  Gsange, 

[Concluded  from  P^ie  xoi»  Vol.  Hi] 

-^_^  Habitudes  of  Nitric  Acid  toith  Camphor .^  * 

X  H  £  nitric  acid  has  liketvife  a  different  aAion  upon  camphor  from  that  which  we  have 

already  mentioned. . 

The  Camphoric  Acid^, 

Kofegarten  has  informed  u%  that  by  dtftilliiig  nitric  acid'eight  times -in  fuccefllon  from 
camphor,  an  acid  is  obtained  which  differ^  in  its  properties  from  the  oxalic  acid. 

As  thefe  refults  have  not  been  confirmed  by  experiment,  and  it  has  not  been  demonftrated 
that  this  acid  is  peculiar  in  its  natUM  and-its-affinitjr,  I  have  repeated  the  experiments  of 
Kofegareeoi  of  which  we  poflef$  only  a  iimple  notice  in  a  letter  tranflated  from  Crell's 
Journal,  and  printed  in  the  27th  volume  of  thfe  Journal  de'  Phyfique,  page  298. .  The  me- 
thod of  preparing,  this  acid  is  as  follows: 

FirJl*Proct^fori  preparing  the  Camphoric  Acid. 

T^ke  four  ounces,  or  122,284  grammes  of  camphor,  which  introduce  into  a  glafs  retort,  . 
and  pour  one  pounds  or  489,i36>grammesof  nitric  acid,  at  36  degrec^s,  or  fpecific  gravity 
1,33,  and  adapt  a  receiver  well  luted.    Place  the  retort  on  a  fand  bath,  and  apply  a  gradual 
heat.    Much  nitrous  and  carbonic  acid  gas  are  difengaged ;  part  of  the  camphor  rifes^  . 
while  another  part  feiz^s  the  oxigen  of  thcjiitric  acid.    When  the  vapours  ceafe  to  rife,  un- 
lute  the  veflels  s  return  the  fublimcd  campl^or  into  the  retort,  pour  thereon  another  pound  . 
of  the  acid,  and  diftill  a  fecond-time.  This*  operation  muft  bexepeate^l  until  the  camphor  is 
totally  acidified.     Four  pounds  and  fourteen  XHinces  of  ^is  nitric  acid  are  fufficient  to  aoi- 
dify  four  ounces  6f  Camphor. 

When  all  the  camphor  is  acidified  it  cryftidlizes  in.  the  remaining  .fluid..  Th^  whole 
siuft*thon  be  poured  on  a  filter  after  previous  decantation  of  the  acid,  ^nd  difiilled  water  • 
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muil  be  thrown  on  the  cryftals  in  order  to  dear  tbean  of  the  portion  pf  iiltuc  acid  tvbkh 
may  adhere  to  their  furface.  The  mod  certain  indication  that  the  camphor  is  acidifi^d^ 
confifts  in  its  cryflallia^tion  by  the  tooling  of  the  ^uid  which  remains  in  the  retort. 

Purijication  of  the  Camphoric  Acid^ 

This  acid  is  purified  by  folution  in  hot  diftilled  water,  filtration  and  evaporation  of 
nearly  half  the  fluid,  or  till  the  period  at  which  a  flight  pellicle  is  formed..  The  cryftals  of 
camphoric  acid  fcparatc  by  cooling. 

A  Second  Procefs, 

Another  method  of  procuring  the  camphoric  acid  confifts  in  the  ufe  of  nitiic  acid  alT 
50  degrees,  or  fpecific  £,ravity  1,532.  This  procefs  is  much  fpcedier  than  the  former,  but 
its  inconveniences  are  fuch  as  do  not  entitle  it  to  be  preferred  to  the  other.  In  faft,  the 
camphor  is  more  fpccdily  attacked  by  the  concentrated  acid  \  but  inftead  of  fubliming,  it 
pafles  over  into  the  receiver,  and  a  portion  is  likewife  carried  off  in  the  gas  which  efcapes. 
Thefc  circumftances  occaQon  a  real  lofi  in  the  produdi,  as  may  be  ieen  by  the  following 
tables  of  the  rcfults  : 

By  the  firft  method.  'grammes. 

^itric  acid,  at  21^  degrees,  41b.  14  oz.  or                 -                -  21149538 

Camphor,  40Z.  or               -               -  -              -•             -  122,284 

Acid  obtained,  i4gros,  or             -  -              -               -  53)498 

By  the  fecond  method. 

Nitric  acid,  at  50  degrees,  2  lb.  12  oz.  2gros,  or  -           -  1352,168 

Camphor,  402.  or                -            -            -  -            -  122,284 

Acid  obtained,  9  gros,  or            -              -  -                -  ^      34^9^ 

SECT.    VII. 

Camphor  and  Oxygenous  Gas, 

BEING  defirous  of  knowing  how  camphor  would  be  aflfefled  with,  oxygenous  gas,  I 
made  the  following  experiment: 

Oxygen  gas  was  obtained  from  the  fuperoxygenated  muriate  of  pot-a(h.  After  an  in- 
verted glafs  vefiel  was  thus  filled,  it  was  transferred  to  the  trough  containing  mercury,  and 
a  fmall  portion  of  water  was  paflfed  to  the  fur&ce  of  the  metallic  fluid. 

On  the  other  hand,  a  fmall  piece  of  camphor  with  a  particle  of  phofphorus  was  placed 
in  a  fmall  cupel.  A  tube  was  then  bended  in  fuch  a  manner  and  applied,  that  one  of  its 
extremities  was  placed  beneath  the  glafs  jar,  and  the  other  in  a  pneumato-chemical  trough 
beneath  a  jar  filled  with  Mrater. 

In  this  difpdfition  of  the  apparatus  the  phofphorus  was  fct  on  fire  by  means  of  a  red-hot 
iron.  The  inflammation  was  communicated  to  the  camphor.  Much  caloric  was  difengaged 
with  a  very  brilliant  flame  j  the  inner  furface  of  the  veflcl  became  covered  with  a  black  mat- 
ter,  which  was  detached  by  degrees,  and  floated  upon  the  water  over  the  mercury.  A  gas 
was  cblle£^ed  at  the  fame  time,  which  exhibited  *aU  the  characters  of  carbonic  acid  gas. ' 

This  experiment  therefore  confirms  the  refult  in  Section  II.  for  it  cannot  be  doubted  but 
that  the  matter  in  the  retort  was  a  true  carbon. 

The 
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The  water  which  had  been  placed  under  the  jar  became  very  odorant,  and  its  fmcU  was 
abfolutety  the  fame  as  that  of  the  oil  obtained  by  the  proce{I*es  already  defcribed.  It  was 
licid,  and  reddened  the  tin<^ure  pf  tumfol.  Lime  waiter  afcertaincd  the  prefence  of  carbonic 
acid  in  this  water  ;  but  upon  adding  an  exceis  of  the  carbonic  acid  the  precipitate  was  not 
taken  up  ;  which  fadl  led  to  a  fufpicion  that  another  acid  was  prefent,  and  in  h(X  a  calcare^ 
ous  camphoratc  was  obtained. 

I  obferved  that  it  was  neceflary  to  add  a  fmall  portion  of  phofphorus  to  the  caoiphor, . 
which  otherwife  would  not  have  taken  fire.  For  an  ignited  body  only  difBpates  It  In  vapoufj^ 
and  it  cannot  be  inflamed  but  by  the  conta£l  of  a  body  a.t  a  much  more  luminous  or  higher 
degree  of  heat. 

SECT.    VIIL 

Chara&ers  of  the  Camphoric  Acid. 

THE  camphoric  acid  has  a  flightly  acid  bitter  tafte,  and  reddens  the  tindlure  of  turnfol. 
It  is  cryftallizable,  and  a  mafs  of  its  cryilals  refembles  the  muriate  of  ammoniac.  By  ex* 
pofure  to  the  air  it  efHorefces..  Cold  water  diflblves  it  with  difficulty.  One  ounce  of  water 
at  the  temperature  of  lo  or  12  degrees  of  Reaumur,  takes  up  no  more  than  fix  grains  ; 
whereas  at  the  boiling  heat  it  diflblves  48  grains.  When  this  acid  is  placed  on  igiuied  coals 
it  emits  a  denfe  aromatic  fume^.  and  i»  entirely  dijQipated^  By  a  gentler  heat  it  melts  and 
is  fublimed. 

If  the  camphoric  acid  be  put  into  a  porcelain  tube  (heated),  and  oxygen  gas  be  pafled 
through)  the  acid  does  not  undergo  any  change»  but  is  fublimed. 

,    By  mere  diftillation  our  acid  firft  flows*and  thei>fttblitnesi. by  which  proccfs  its  proper- 
ties are  in  fome  refpe£l  changed.     It  no  longer  reddens  the  ti;iclure  of  turnfol,  but  acquires 
a  brifk  aromatic  iinell  \  its  tafte  becomes  lefs  penetrating,  and  it  is  no  longer  foluble  either, 
in  water  or  the  fulphuric  and  muriatic  acids^    Heated  nitric  acid  turns.it  yellow  ai9^  dif- 
folves  it.     Alcohol  like  wife  diflTolves  it.;  and  if  th£s  folution  be.  left  in  contadl  with  the  air  . 
of  the  atmofphere  it  cryftallizes.. 

Camphoric  acid  does  not  produce  any  change^ in  fdphgrj. alcohol  and  the  mineral  acids- 
totally  diflblve  it  \  and  fo  likewife  do  the  volatile  and  the  fat  oils.  It  forms  combinations  1. 
with  earths,  alkalis,  and  metallic  fubftances.  We  Oiall  give  a. more  particular  account  of:: 
thefe  faline  combinations  in  anoth'er  Memoir. 

Among  metallic  fplutions,  it  decompofes  only  the  fulphate  and  the  muriate  of  iron. . 

It  produces  no  change  in  the  folution  of  indigo  by  fulphuric  acid,  nor  in  the  tinflure  of  . 
nutgalls.     It  has-  nO  aflion  on  lime-water. . 

Conclufton^^^Ytom  all  thefe  fa^lf  it  follows,  that  camphor  is  a  volatile  oil  rendered  con- • 
Crete  by  carbon  \  that  thefe  two  diflinc^  produ^s  may.be  obtained  by  the  medium  of  alu«^ . 
mine;  and  laflly,  that  by  treating  camphor  with  the  nitric  acid,  another  pcculiac  acid  is., 
obtained  which  differs  from  all  the  known  vegetable  acids, , 

'  I,  By  its  cryflallization.     a.  Its  fparing  folubility  in  cold  water«     3.  It^  burniog  with** 
o\xi  leaving  any  rcfidue.    4.  Its  not  precipitating  lime-water.^  5^  It$  producing  ip  change^        ^ 
in  the  fulphuric  folution  of  indigo — a  diflerence  which  remarkably  difti^uiihes  it  Cfidm  the. 
fuberic  acid  uhich  turns  the  fame  folution  green  \  and  6.  By  the  formation  .of  peculiar  falts, 
every  one  o£  whict»  exhibit^a  blue  flMie  wi&b  Jthe.|>lQ«h-p^^*..  . 


/ 
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V. 

Jn  Account  of  federal  new  Expcrrments  on  HeaU  v;tth  otcajional  Remarh  and  Obfervations  ;  arid 
C'.njeSlnre:  refpe^fing  Chemical  Affinity  and  SolutlonyOftd  the  Mahafiical  Principle  rf  Animai 
Life.     By  B£XJAMINi  Count  of  RuMrORD*. 

-llLT  the  end  of  a  Tirncli  TranBation  of  the  firft  edition  of  Count 'Rumford*s  Seventh 
Effay,  by  Profeflbr  Piflet,  that  Tranflator  added  the  following  ^tradl  of  one  of  the  Count's 
private  letters  to  him,  dated  Junclp,  1707  :  "I  (hould  have  been  much  furprifed  if  my 
*'  Seventh  Efl'ay  had  not  inierefted  you  5  for  in  my  life  I  never  felt  pleafure  equal  to  that  I 
^^  enjoyed  in  making  the  experiments  of  which  Ihave  given  an  account  in  that  perform- 
^^  ance.  You  will  perhaps  be  furprifed  when  I  tell  you,  that  I  have  fuppreflfed  a  whole  chap« 
"jter  of  interefting  fpeculation^  merely  with  a  view  of  leaving  to  others  a.tempting  field  of 
"  curious  jnveftigation  untouchedy  and  to  give  more  effciSl  to  my  concluding  reiIe£lion, 
*^  which  I  confider  as  being  by  far  the  mod  important  of  any  I  have  ever  publi/hed."  A« 
thefe  aiTcrtions  were  not  originally  intended  for  the  public  eye,  the  worthy  author  found 
his  fituation  altered  with  regard  to  the  pbiiofophical  world  by  this  communication;  and 
with  a  very  hono\irab1e  degree  of  delicacy  conceived  that  it  became  his  duty  to  let  the  pub- 
lic know  with  prccifioa  how  far  he  had  carried  his  enquiries  in  the  invcftigation  of  the 
fubjed  of  that  EfTay,  inftcad  of  giving  obfcure  hints  of  important  fafts  kept  in  referve,  and 
apparently  to  be  brought  forward,  when  others  might  make  difcoveries  of  the  fame  kind* 
7'he  work  before  us  contains  the  matter  in  queftion. 
The  experiments  and  obfcrvations  contained  in  this  Second  Part  arc  as  follow : 
Chap.  I.  'When  a  quantity  of  water  was  frozen  in  a  glafs  jar  by  placing  the  vcflcl  in  a 
freezing  mixture,  it  was  always  obferved  that,  as  the  ice  firft  began  to  be  formed  at  the 
fides  of  the  jar,  and  gradually  increafcd  in  thicknefs,  the  portion  of  water  in  the  axis  of  the 
jar  which  laft  retained  its  fluidity,  being  comprefled  by  the  expanfion  of  the  ice,  was.  forced 
•upwards  towards  the  end  of  the  procefs,  and  formed  a  pointed  projeflion  or  nipple,  which  was 
fometimes  above  half  an  inch  higher  than  the  reft  of  the  upper  furface  of  the  ice*  This 
ft£l  induced  the  Count  to  make  experiments  relative  to  the  defe£l  of  conducing  power  in 
fluids  downwards.  For,  if  a  fluid  be  poured  upon  this  cake  of  ice  fo  as  to  cover  the  whole 
mafsi  and  a  heated  folid  be  then  fufpendcd  at  a  fmall  diftance  from  the  papillary  protuberanccy 
it  is  evident  that  this  laft^  if  melted,  will  derive  its  fluidity  from  the  tranfition  of  heat) 
through  the  fluid  of  which  the  condu£ling  power  or  its  abfence  was  meant  to  be  afcer* 
tained. 

In  an  experiment  with  fine  olive  oil,  the  cake  of  ice  or  congealed  water  was  three  inches 
thick,  four  inches  and  three  quarters  in  diameter,  and  the  pointed  proje£^ion  rofe  half  an 
inch  above  the  upper  furface.  The  temperature  of  the  apartment  was  31  degrees  of 
Fahrenheit,  and  the  external  part  of  the  jar  as  high  as  the  ice  was  furrounded  with  a  mixture 
of  pounded  ice  and  water.  In  this  fituation  of  the  apparatus,  fine  olive  oil,  previoufly  cooled 
to  32  degrees,  was  poured  into  the  jar  till  it  ftood  at  the  height  of  three  inches  above  the 
furface  of  the  cake  of  ice. 

#  Abridged  from  ikt  Second  Part  of  his  Seventh  Expcrimcnul  Eflay. 
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Koft*eonduffors  of  Heat:  TTater,  Oily  Mercury^  Atr^  ^iearn,  F!afhi»  w6t 

A  foKd  cylinder  of  wrought  iron  i^  inch  in  diameter,  and  12  inches  long,  provided  wtth 
«  hollow  cylindrical  (heath  of  thick  paper,  was.  heated  to  the  temperature  of  210  degrees  in 
boiling  water,  and,  being  fuddenly  irttroduccd  into  its  (heath,  was  Aifpended  from  trie  ceiU 
ing  of  the  room,  and  very  gradually  let  down  into  the  oil,  until  the  middle  of  the  flat  fur- 
face  of  the  hot  iron,  which  was  direflly  above  Che  point  of  the  conical  projedion  of  ice, 
was  diftant  from  it  only  2-ioths  of  an  inch.  The  end  of  the  (heath  defcended  i-ioth  of 
W  inch  lower  than  the  end  of  the  hot  metallic  cylinder*  The  ice  was  perfedly  vifible 
through  the  oil  in  every  ftage  of  tiiis  experiment.  How  long  the  metalKc  cylinder  was ' 
kept  immeried  in  the  oil  is  not  faid,  but  the  time  was  no  doubt  fufficient  to  fatisfy  the 
Count  that  heat  is  not  propagated  downwards  through  this  fluid.  The  ice  was  not  in  the 
fmalleft  degree  dimini(hed,  or  otherwife  afFeded,  by  the  vicinity  of  the  hot  iron. 

A  (imilar  experiment  was  made  with  a  frefli  cake  of  ice  in  the  fame  jar,  but  with  ice» 
cold  mercury  covering  the  cake  to  the  height  of  about  an  inch.  The  furfacc  of  the  mercury 
iQ  the  jar  was  cleaned  with  blotting  paper,  after  which  the  whole  was  fuiFered  to  remain 
quiet  for  about  an  hour,  whbn  the  hot  cylinder  of  iron  was  very  carefully  introduced,  and 
fwfl^cred  to  remain  feveral  minutes  at  the  diftance  of  a  quarter  of  an  ihch  from  the  point  of 
the  conical  projeAion  of  ice. 

In  this  as  well  as  in  the  other  experiment,  the  cylindrical  (heath  was  made  to  projeft 
I* loth  of  an  inch  below  the  bafe  of  the  iron,  for  the  purpofe  of  dimini(hing  the  internal 
motions  of  the  fluid. 

In  this  experiment  alfo  the  ice  remained  unchanged.  In  order  to  (hew  whether  the  ice 
were  really  in  the  (late  of  melting  with  the  leaft  pofHble  addition  of  heat,  the  Count  touched 
it  with  his  finger  beneath  the  mercury;  and  he  found  that  this  operation  could  not  be  (% 
fpeedily  performed,  but  that  figns  of  water  having  been  produced  became  apparent  on  the 
dean  and  bright  furfacc  of  the  mercury. 

From  the  refults  of  thefe  experimental  inveftigations,  it  appears  to  our  author  that  water, 
oil,  and  mercury,  are  perfeft  non-conduflors  of  heat ;  and  that  when  either  of  thefe  fub- 
ftances  takes  the  form  of  a  fluid,  all  interchange  and  communication  of  heat  among  its 
particles,  or  from  one  of  them  to  the  other  direfbly,  become  from  that  moment  abfolutefy 
impoffihli^.  In  the  Philofophical  Tranfaftions  for  1792,  the  Count  has  (hewn  the  extreme 
imperfedion  of  the  conduft ing  power  of  air,  and  in  his  Sixth  EflTay  he  has  (hewn  how  much 
reafon  there  is  to  conclude  that  the  particles  of  fleam  and  of  flame  are  in  the  fame  predica* 
ment :  From  all  which  circumftances  he  is  difpofed  to  conclude,  that  it  is  common  to  all  > 
fluids,  and  even  eflfential  to  ^uidity,  that  they  (hall  not  immediately  or  direftly  condu£l  heat 
from  particle  to  particle. 

This  important  circumftance  was  applied  by  our  author,  in  the  Philofophical  Tranfaftions 
above  referred  to,  to  account  for  the  warmth  of  natural  and  artificial  clothing,  and  of 
fuow,  as  well  as  to  explain  various  phenomena  of  winds.  And  in  his  Sixth  Eilay  he 
availed  himfelf  of  the  non-condu£ling  power  of  fteam  and  of  flame,  to  explain  the  efie£ls 
of  the  blow-pipe,  and  inveftigate  the  moft  advantageous  forms  for  boilers.     And,  laftly, 

*  On  the  abfolute  impoHlbility  of  the  traniition  of  heat  through  fluids  at  refl,  fee  the  note  in  our  Journal, 
I.  Z9<.  It  may  however  be  obferved,  that  moft  of  the  Count's  concluHoHs  will  be  pra£UcaIlj  true  ^  that  is  to 
ixft  with  regard  to  fuch  terms  of  time  as  his  experiments  juftify.    N» 
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in  the  third  chapter  of  the  prefent  EfTay,  he  has  extended  the  application  of  his  dif» 
covcrics  to  the  means  which  appear  to  have  been  ufed  by  the  Creator  of  the  world,  to 
render  the  temperatures  of  different  climates  more  nearly  equal  by  means  of  the  fait  water, 
which  covers  fo  large  a  part  of  the  furface  of  the  globe.  But  the  mod  interefting  applica* 
tion  remains  to  be  made  of  this  do£!rine  to  chemiftry,  vegctacion,  and  the  animal  economy  \ 
to  the  learned  in  which  branches  of  fcience  he  begs  leave  moft  carneftly  to  recommend 
them.  From  his  meditations  he  thinks  it  not  improbable  that  every  change  of  ftatc,  in* 
every  kind  of  fubft^tnce,  may  be  owing  to  heat  alone  ;  that  every  concretion  is  a  true  con- 
gelation  cftucled  by  colJ,  or  the  diminution  of  heat;  that  every  change  from  a  folid 
to  a  fluid  form  is  a  real  fufion  ;— and  that  it  may  be  found,  that  the  apparent  violence  with 
which  certain  folids  are  attacked  by  their  folvents,  is  not  owing  to  any  particular  or  eleflive 
attradion,  but  to  the  confiderablc  degree  of  heat  or  cold^  and  the  great  difference  of  (pc- 
cific  gravity  which  enfues  in. the  folvcnt,  from  this  cauGs  as  well  as  from  the  fubfequcnO 
change  produced  by  combination. 

If  fluids  be  non-condu£lors  of  heat,  it  will  necefTarily  followi  that  change  of  temperaturs^ 
will  produce  currents  in  every  chemical  folvent,  in  propoctioa  to  the  change  of  fpecific 
gravity  \  and  the  rapidity  of  the  procefs  of  folution  will  be  proportioned  to  that  of  the  cur-'" 
.  rents,  or  to  the  change  of  temperature.  And  again,  if  the  faturated  folution  be  either 
heavier  or  lighter  than  the  folvent  itfelf,  currents,  v^ill  be  produced  from  this  caufe  alilv 
which  will  tend  to  render  the  folution  more  or  lefs  rapid,  according  to  the  magnitude  ofi 
this  difFerence^  and  its  direction  with  regard  to  the  other  difference  cau fed  by  the  change  of 
temperature.  An  inflance  of  thefe  two  caufes  operating  jointly  is  adduced  in  the  folution  ofr 
common  fait  in  water.  If  this  folid  be  fupported  in  a  perforated  veffel  under  water^  buii 
near  its  furface,  the  folution  will  be  moft  rapid :  firft^  becaufe  the  temperature  is  dimi*-^* 
nifbed,  and  confequently  the  water  is  condenfed  in  the  procefs  ;  and^  fecondly,  becaufe  thr- 
folution  of  fait  in  water  is  itfelf  more  denfe  than  the  water  itfelf.  On  both  accounts  therc-^ 
fore  the  brine  will  rapidly  defcend,  and  frefl^  portions  of  the  folvent  will  continually  be.  . 
brought  in  conta£);  with  the  fait. 

On  this  occafion  the  author  propofes  a  curious  qucf^ion  :  Whether,  in  a  cafe  where  the- 
e^panfion  by  heat  were  equal  to  the  condenfation  by  the  procefs  of  chemical  union,  the  tStCL- 
of  folution  could  take  place  ?— He  anfwers  by  obferving,  that  if  chemical  attraftion^  as  has 
been  generally  fuppofed,  really  exifts  and  operates  in  the  way  of  predilection  beyond  the 
p^int  of  aiSual  conta£l,  it  is  probable  that  the  folution  would  take  place. — But  if  this  at- 
traftion  be  nothing  more  than  has  been  juft  pointed  out,  it  would  follow  that  though  folution;. 
would  not  be  abfolutely  impoiTible,  yet  it  would  be  fo  flow  as  hardly  to  be  perceptible. 

In  the  confideration  of  the  folution  of  fait  in  water,  the  pofition  of  the  folid  near  the 
furface  of  the  fluid  was  ftated  as  a  circumftance  efltntial  to  its  rapidity..  The  uniforni 
difFufion  of  folids  through  the  whole  mafs  of  lighter  fluids  which  difTolve  them,  has  ufually 
been  confidered  by  chemifts  as  a  proof  of  attra£lion  between  the  two  bodies  operating  at  a 
diftancc  from  the  place  of  contaft.  It  feems  to  be  a-ftriking  relulr  nf  the  Count's  reafon^ 
ing,  that  if  no  other  caufes  fhould  interfere  but  thofe  which  flow  fro.n  the  mutual  combina* 
tion  of  the  two  fubflances,  the  fait  would  not,  at  leaft  in  any  moderate  portion  ot  time,  be 
carried  to  the  upper  part  of  the  fluid  reiling  upon  it^  He  made  this  the  fubjefl  of  a  par-  . 
ticular  experiment. 

A  cjrlio- 


On  Chemical  Sohtton.     Congelation.  itf  j 

.  A  cylindrical  glafs  jar  44-  inches  in  diameter,  and  7  J-  inches  high,  was  placed  in  the  middle 
of  another  cylindrical  glafs  jar  7^  inches  in  diameter,  and  eight  inches  high,  which  (lood  in  a 
Ihallow earthen  di(h,  nearly  filled  with  pounded  ice  and  water.  This  apparatus  was  placed 
in  an  uninhabited  room,  where  the  temperature  was  constantly  at  about  36  degrees  of  Fahren- 
heit. In  this  fituation,  a  quantity  of  pure  ice-cold  water,  (lightly  tinged  with  turnfol,  was 
poured  into  the  inner  jar,  to  the  height  of  more  than  two  inches;  and  then  by  means  of  a 
glafs  funnel,  which  ended  in  a  long  narrow  tube,  by  introducing  this  tube  into  the  frefh 
water,  and  refting  it  on  the  bottom  of  the  jar,  a  quantity  of  the  flrongeft  clear  ice-cold  brine 
of  common  fait,  equal  to  that  of  the  frefh  water,  was  poured  very  flowly  in.  Tlie  difFerchoe 
of  colour  rendered  the  two  fluids  vtry  diftinguifhablc,  and  ihcvvcd  that  they  were  not  dif- 
pofed  to  mix  together. 

The  (pace  between  the  two  jars  was  then  filled  with  large  fragments  of  ice  and  ice*cold 

water,  becaufe  pounded  ice  would  have  obit^ructed  the  view;  and  when  this  was  done,  the 

,  tinged  water  of  the  interior  jar  was  carefully  covercil  with  ice-cold  olive  oil  to  the  height  of 

arbout  an  inch.     This  laft  fluid  ferved  to  prevent  the  water  from  being  agitated  by  the  air, 

or  cooled  by  evaporation  or  the  communication  of  heat. 

^rhe  fluids  remained  in  perfeft  tranquillity,  without  the  fmalleft  difpofition  to  mix  together, 
during  four  days.  At  the  end  of  that  time  the  fmalleft  jar  was  removed  without  agitation, 
and  placed  in  the  window  of  a  room  heated  by  a  German 'fl'ove.  In  lefs  than  an  hour  it  was 
perceived  that  the  brine  and  the  tinged  frefh  water  began  to  mix,  and  at  the  end  of  24  hours 
they  wei^  intimately  iihiixed  throdghout. 

The  author  leaves' philofophers  to  deduce  their  own  conclufiohs  from  this  experiment; 
but  in  the  mean  time  points  out  a  refult,  which  is  not  only  curious  in  itfelf  but  capable  of 
aftbrding  important  confequences.  He  thinks  there  are  ftrong  reafons  to  conclude,  that 
were  a  lake  but  very  deep,  its  waters  near  the  furface  would  neceffarily  be  frefh,  even  though 
its  bottonr  fhould  be  one  folid  mafs  of  rock-falt.  He  fuggefts  the  advantage  which  might 
accrue  to  an  inland  country  where  fidtis  fcarce,  if  on  experinient  it  (hould  be  found  that  the 
water  at  the  bottom  of  fome  deep  lakes  is  fait.  And  that  the  water  at  the  bottom  of  all  very 
deep  lakes  ought  neceffarily  to  be  fait,  even  in  fituations  where  no  mines  of  fait  exifl,  ap- 
pears to  him  probable,  ft-om  the  geological  faft's  which  indicate  that  moll  of  our  continents 
have  been  covered  by  the  waters  of  the  ocean.  If  ever  that  event  happened,  he  thinks  it 
tiighly  probable,  that  the  fait  water  left  at  the  botton;kS  of  all  deep  lakes  by  the  fca,  on  its 
retiring,  muft  be  there  now. 

Chap.  II.  In  the  former  part  of  this  EfTay,  the  author  has  availed  himfelf  of  all  the  cir« 
cJUmftaiKes  which  accompany  the  cooling  and  congelation  of  water,  to  acc^ount  for  the 
ftnking  cfFefts  which  th^prbdtite'i^thie*  economy  of  heat  on  the  furface  of  the  globe.  As 
water  contrads  by  cooling  to  the  41ft  degrfee,  and  afterwards  expands  until  it  aflbnfies  theT 
folid  ftatc ;  it  fhould  feem  at  firfl  confideratJon,  that,  when  the  heat  is  abflradted  froiA  the 
bottom  of  a  reifel  containing  this  fluid,  the  particles  of  water  would  rile  and  elude  the  re- 
frigerating power  until  the  whole  ta^fa  was  cooled  to  that  temperature,  and  afterwards  cotl- 
tinoe  to  circa bte  in' the  fame  manner  as  if  the  temperatui'e  were  a£lually  rifihg,  until  at 
length  the  whole  mifS  having  arrived  at  the  temperature  of  32**,  it  would  become  folid  almofi: 
ihflantaneoufly.  But  thefe  inferences  fuppo'fe  the  particles  to  circulate  witK  lefs  Impediment 
frdm  inertia  and  refiflance  than  would  be'fufficient  to  detain  them' long  enough  at  the  lower 
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fiirfece  t6  ttkCi  their  congelation.  Whether  this  fuppofition  may  agree  with  the  aAinl 
ftate  of  things  or  not,  might  perhaps  be  afcertained  by  reafoning  from  former  fadb;  but  in  all 
fticb  quedions  where  the  decifion  can  be  immediately  and  fimply  bad  from  experimenti  it  is 
certainly  bed  ta  apply  to  that  fource  of  information.  Count  Rumfbrd  made  the  trial,  by 
pouring  mercury  into  a  glafs  tumbler  to  the  depth  of  one  inch,  and  upon  this  about  the  fame 
bulk  of  water.  Both  fluids  were  at  the  temperature  of  60  degrees.  The  tumbler  was  then 
placed  in  a  freezing  mixture  of  fnow  and  common  fait,  which  reached  no  hfgher  than  the 
upper  furfacc  of  the  mercury.  The  ice  was  formed  at  the  bottom  in  contaf^  wkh  the  mer- 
cur/,  not  only  under  thefe  circuraftances,  butalfo  when  the  experiment  was  varied  by  pre* 
vioufly  cooling  the  mercury  to  about  ten  degrees,  and  then  gently  pouring  boiling  hot  water 
on  its  furface.  This  lafl  fluid  was  inftantly  frozen,  and  gradually  formed  a  thick  cake  o£ 
ice,  covering  the  mercury,  though  atmoft  the  whole  of  themals  of  the  unfrozen  water  whicli 
refted  on  {his  ice  remained  nearly  boiling  hot. 

Among  the  inferences  deduced  from  this  experiment,  Count  Rumford  makes  one,  to  zc^ 
count  for  the  formation  of  ice  at  the  bottom  of  rivers,  which  he  thinks  cao  only  take  place 
in  fuch  ftreams  as  do  not  conilantly  fill  their  bed^  but  occafionally  overflow  portions  o£ 
ground  cookd  by  the  atmofphere  below  the  freezing  point*.      Another  important  inference 
£rom  the  fame  hO:s  is,  that  it  Is  impoilxble  any  fluid  (hould  be  of  the  fame  temperature  while- 
expofed  to  light,  though  its  mafs  be  ever  {o  fmall,  and  that  at  the  diflference  of  heat  muft  occa*. 
fion  perpetual  motions  among  its  parts^    This  confequence  is  very  fully  explained  in  detail  by- 
cur  author,  who  confiders  fluidity  as  the  life  of  inanimate  bodies,  and  congelation  as  the 
deep  of  death  ^  and  is  thence  difpofed  lo  v^]c€t  altogether  the  attribution  of  attra<3Lve  powers 
or  exertions  of  any  kind  to  dead  motionlefs  matter.     He  extends  his  meditations  to  the  vital' 
principle  in  living  animals^  and  demands  whether  their  life  alfo  do  not  depend  on  theinternal 
motions  in  their  fluids  occasioned  by  an  unequal  diftribution  of  heat  f  and  whether  ftimula«* 
tton  be  not  in  all  cafes  the  mere  mechanical  t&OL  of  the  communication  of  heat  ?— »The.  aa- 
cient  hypothefis,  that  the  life  of  an  animal  refides  in  its.  blood  i  the  evident  tendency  of  re-^ 
^^iration,  digeflion,  and  infenfible  perfpiration  to  produce  and  perpetuate  inequalities  of  tern*. 

*  I  am  not  acquainted  with  ihft  peculiar  circumflances  under  which  grounil  ke  is  formed ;  but  it  is  certain-^ 
\y  poflible  that,  ^ch  an  event  (Hould  happen  in  a  ftream  which  conftantly  Alls  its  banks.     Suppofe  a  flream  to. 
flow  with  very  little  agitation  in  coni^f^  with  an  atmofphere  eight  degrees  or  more  beneath  the.  freezing  point. 
It  it  known  that  water  whofe  pacts  are  relatively  at  reft,  or  nearly  fo,  may  be  cooled  about  eight  degrees  below  3m*' 
without  afluming  the  folid  ftate.    The  middle  of  our  ftrcam  might  therefore  continue  fluid  when  fo/Oooledi 
a&d  the  congelation  i^ould  only  take  place  at  the  fides,  where  the  firi£lion  agaitift  the  banks  would  caufe  tfae^ 
requifite  internal  agitation.    The  middle  cold  ftream,  on  account  of  its  expaniion  beneath  41  degreeti  woiild^ 
•ccupy  the  furfacc,  aod  confequ^ntiy  could  not  rub  againiH  the  bottom  except  in  /halipw  places,  or  unlefs  ibme- 
means  were  to  o$er  of  finking  it^     Suppofe  one  or  more  fprings  rifing  from  a  great  depth  in  the  earth,  and. 
thence  poffcfling  the  mean  tempcrat^ire  of  the  climate,  to  flow  into  the  princi^  ftream.     This  mafs  of  waim. 
water  would  occupy  the  fuperior  part  of  the  ftream,  and  caufe  the  cold  mafs  to  defcend;  and  wherever  thH 
touched  the  bottom  it  would  be  agitated^  and  form  a  coat  of  ice.     Thefb  eflfe6ts  would  be  governed  by  the« 
temperatures,  the  malTes,  and  the  local  recjuifites,  for  which  upon  the  whole  we  are  in  want  of  obfervations.   At^ 
to  the  aflumed  fa£ls,  they  are  undoubtedly  poilible.     A  remarkable  inftance  of  a  warm  ftre3m  in  winter  ifieeii* 
in^the  fmall  river  Wandle,  which  burfts  out  or  the  earth  near  Carlh^too  in  Surrey,  and  after  flowing  with  coo* 
iderable  velocity  over  a  line  of  ten  miles,  and  giving  activity  to  thirteen  mills,   falls  into  the  river  Thames  ai 
IRf^^ndf^onk  without,  havinj;  lud  time  to  acquire  the  freciing  temperature,  even  in  the  fcvereft  weather.   N.^ 
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yeriture;  thee&As  of  heat^nd  cold  introduced  into  the  fyftem  in  liquid  foods,  with  v«riou9 
other  phyfiological  events,  are  adduced  hy  our  author  in  fuppoK  of  the  probability  of  that 
doftrine  which  he  recommends  to  the  attention  of  philofophers. 

Chap.  III.  In  the  third  chapter,  the  Count  proceeds  to  point  out  a  variety  of  (Iriking  con* 
fequences  and  obfervations  which  flow  from  the  imperfe£l  condud^lng  power  qf  fluids.  One 
of  the  moft  immediate  of  thefe  is  the  very  great  degree  of  heat  which  may  exift  at  a  fmall- 
diilance  from  other  bodies  intenfely  cold.  Thus  it  is  found  that  ICe  evaporates  while  expofed' 
to  an  atmofphere  in  which  the  thermometer  ftands  far  below  32  degrees ;  an  event  which  hci 
xationally  accounts  for,  by  fuppoftng  that  fome  of  the  partrcles  of  air  which  come  into  coih 
taft  with  the  ice  are  fo  hot  as  not  only  to  melt  thofe  particles  of  ice  which  they  happen  to 
touch,  but  alfo  to  reduce  part. of  the  generated  water  to  fleam  before  it  has  time  to  freeze 
again;  or  otherwife  by  (uppofing  the  fame  effc<St  to  be  produced  by  the  intenfe  heat  generated 
from  the  abforption  of  light  by  fmall  projefting  points  of  the  ice.  He  even  thinks  the  metals' 
would  evaporate  if  they  were  bad  conduAors  of  heat,  inftead  of  being  very  good  con* 
du£tors  as  in  faft  they  are  j  and  in  proof  of  this  he  urges  the  ftuSl,  that  mercury,  which  from* 
its  fluidity  is  what  be  would  call  a  non-condudor,  is  knowa  to  evaporate  by  the  mere  heat  of 
the  atmofphere.  ' 

That  the  moft  intenfe  heat  is  often  excited  in  the  midft  of  mafies  of  cold  liquids^  is  not  ta 
be  doubted.  The  fun's  rays  generate  heat  of  extreme  intcnfity  ;.  but  when  circumftances  arc- 
not  favourable  to  its  accumulation  it  is  foon  difperfed,  and  leaves  no  traces  of  its  exiftence 
which  can  be  meafured  either  by  inftniments  or  the  organs  of  fenfc.  The  Count  does  not 
think  it  improper  to  infer,  that  the  heat  excited  by  a  ray  of  light  in  an  indefinitely  fmall  par*, 
tide  of  folid  and  opaque  matter  floating  in  a  mafs  of  cold  water,  may  be  equally  intenfe  with- 
that  which  is  generated  in  the  focus  of  the  mod  powerful  burning  mirror  or  lens.  •  Hence 
he  accouiKs  for  various  efFe£U  of  the  fun's  lighr,  which  gradually  produce  changes  of  the 
fame  nature  as  thofc  which  arife  from  very  elevated  temperatures.  Thus  wood  is  rendered 
brown  or  fuperficially  charred,  luna  cornea  is  rendered  black,  or  as  niay  be  fuppofed  fuperfii«> 
cially  reduced,  metallic  oxyds  are  deprived  of  oxygen^,  the  green  leaves  of  vegetables  emit 
the  fame  fluid,  &c.  ^ 

Among  other  familiar  inflbances  of  intenfe  heat,  in  crrcumfiances^  where  no  riflble  figns 
appear^  the  Count  adduces  that  of  the  afcending  current  of  air  from  a  candle.  Iron  is  fully 
red  hot  at  the  temperature  of  about  1000^  of  Fahrenheit's  fcale  j  brafs  melts  at  3807°,  copper 
at  4587^,  filvcr  at  4717%  and  gold  at  5237*;  and  it  muft  be  obvious  that  thfs  laft  temperature- 
obtains  where  gold  undergoes  fufion^  But  fine  gohd,  filver,  of  copper  wire  Abutted,  fuch  as  is^ 
mfed  to  cover  thread  to  make  lace,  melts  inftantly  on  being  held  in  the  flame  of  a  candle,  or 
even  if  held  for  a  few  feeonds  over  the  flame  at  the  diftance  of  an>inch,  where  there  is  no/ 
appearance  of  fire  or  ignj^ion.  The  air,  or  many  of  its  particles,  muft  therefore  be  heated? 
to  this  incenfity,  though  thf^ir  number  may  be  infufiicient  tocaufeany  \^ry  elevated  degree* 
•f  temperature  in  a  large  mafs  of  metal  or  a  thermometer. 

From  this  hypochefis  of  intenfe  heat  in  the  fmall  parts  of  fluids,  or  bodies fufpended  fn  them,: 
il  will  follow  that  cheiitical  foluHons  and  precipitations  are  or  may  be  eflPeded  by  the  foler 
agency  of  heat,  and  wi4]  not  differ  from  fiifion  aiid  congelation  ^*-t^at  the  points  of  temper 
lature  at  which  bodies  aflfume  the  folid,  the  fluid  and  the  gafeous  ftates  will  be  of  the  utmoft^ 
•onfeq^ence  with  segard  to*  thefe  events^  and  that  peihi^  thercmay  be  no  other  eflentiafe 

diflEereiicecr 


iM  MifcilhniMS  Expniftunis  on  Heat 

diffisrence  between  one  body  and  another  but  what  arifes  from  this  circumftance ;— ^that 
thefe  points  being  changeable  by  combination,  give  rife  to  a  prodigious  number  of  confe- 
quences  different  from  thofe  which  obtain  in  the  fimpler  elements.  We  muil  refer  to  the 
oric^inal  Effay  for  the  more  ample  elucidation  of  thefe  points,  where  chemical  philofophers 
will  fee  the  outline  traced  of  an  immenfc  field  of  refearch,  which,  if  it  (hould  not  include  the 
whole  of  the  phenomena  whirh  have  been  defignated  under  the  name  of  eledive  attraf^ion, 
will  certainly  comprehend  a  large  mafs  of  cfF«fts  which  never  fail  to  preient  themfelvcs  in 
every  natural  change  which  comes  under  our  notice. 

Chap.  IV.  The  laft  and  concluding  chapter  contains  a  variety  of  mifcellaneous  expert- 
nients.  i.Ifa  thermometer  with  a  long  cylindrical  bulb  being  at  the  temperature  of  the  air 
in  fummer,  or  any  temperature  above  the  freezing  point,  be  plunged  to  half  the  length  of  its 
bulb  in  ice  and  water,  the  mercury  will  fall  in  the  tube  only  half  as  much  as  if  the  whole 
bulb  had  been  immerfed.  This  experiment  fucceeds  equally  well,  when  the  fupcrior  half  of 
the  bulb  is  covered  with  a  (heath  lined  with  fofc  fur  to  prevent  the  communication  of  beat 
frojn  the  air  during  the  experiment.  It  (hews  that  the  upper  half  of  the  mercury  is  not 
cooled,  or,  in  other  words,  that  heat  does  not  pafs  downwards  in  fluids. — 2%  Ice-cold  water 
ftanding  on  ice  at  the  bi)ttom  of  a  thin  tube  of  glafs,  may  be  boiled  by  holding  the  tube  in- 
clined over  the  fiarne  of  a  candle  applied  near  the  upper  end,  and  gradually  removed  4ower 
down  as  the  ebullition  proceeds.  In  this  way  all  the  water  in  the  tube  may  be  brought  into 
the  mod  violent  ebullition,  to  within  a  quarter  of  an  inch  of  the  ice,  before  this  begins  ta 
be  melted. — 3.  The  radiant  heat  from  a  red  hot  iron  bullet  was  not  found  to  make  its  wayi> 
downwards  through  liquid  water,  nor  through  melted  tallow,  nor  melted. wax.  The  experi- 
ment was  tried  on  a  thermometer  about  a  quarter  of  an  inch  beneath  the  furface  of  each  of 
thefe  fluids.  Thefe.  fa<9s  are  analogous  to  the  obfervation  of  Scheele,  who  found  that 
radiant  heat  does  not  pafs  through  gLfs.  When  the  red-hot  ball  was  held  over  a  cake  .of 
ice,  the  heat  appeared. to  be  tranfmitted  by  communication,  though  very,  flowly.  The 
excavation  in  ice  was  deepeft  near  the  middle.  The  contrary  was  the  cafe  both  in  taUour* 
and  in  wax.  Count  Rumford  does  not  dire£lly  explain  the  caufe  of  this  remarkable  diflfer- 
ence.  It  is  the  only  immediate  fadt  I  recolleft  having  feen  in  his  Eflays,  in  proof,  of  the  aflTcr*  . 
iipii  that  water  ftgndls. alone,  with  regard  to  the.property  of  expanding  in  the  lower  degrees 
of  refrigeration;  and  confequently  of  contrafting  as  its  temperature  increafes  in  that  part 
of  the  fci.le.  From  this  property  it  would  follow,  that  a  warm»ftream  of  water  muil>de-. 
fccnd  immediately  beneath  the  bullet,  while  an  afcending  current  obtains  near  the  circumfer- 
ence of  the  cavity. .  But  if  the  expanfion  of  tallow  he  uniform  from  the  earlieft  point  of 
fufion,  the  heated  fluid  will  not  defcend,  but  will  fpread  out  fideways,  and  circulate  io  a(COQ<* 
trary  dire<S^io;i  to  the,  current  io  water;  w}iile  the  afcending  ftream  of  cold  fluid  will  bo' 
near  the  centre,  and  will  defend  part  of  the  tallow  iu  that  regioa  from  being  hM^r^ 
4.  Beautiful  cryftals  of  fea  fait  were  formed  in  brine  ftanding  on  mercury  in  an  opMivqAlfl 
for  half  a  year.  The  Count  makes  it  a  qucftion,  whether  the  mercury  contributed  in  aoy 
manner  to  this  efFc£t  J  It  feems  probable  that  it  did  not,  and  that  evaporation  equally^  floir 
and  undifturbed  would  have  aflforded  the  fame. refult  in  other  circumftances.^-5*  A  Ximiiar 
remark  may  be  made  on  his  obfervation  of  olive  oil  rendered  colourlefsby.expofure  tothe^air 
for  fix  months  upon  brine,  in  a  place  where. the. fun'&  ray^  never  entered.  T  he  fame  c&£t  baa*, 
peos  to  olive  oil  which  remains  in  uncloTedveflelsin  work-ibop8«-«>6.  Part  of  thelaft^meo* . 
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tiemed  colourlefs  oil  being  imperfedly  congealed^  an  attenript  was  made  to  caufe  radiant- heat 
to  defccnd  through  its  mafs.  It  waa  cxpcftcd  that  the  tnmfparent  or  melted  portion  of  thtj 
oil  would  in  this  cafe  have  been  hemifpherical,  or  at  leaft  of  fome  convex  figure  j  but  this  did 
not  happen,  for  the  furfiice  beneath  the  fluid  or  melted  part  continued  flat.  Whence  the 
■  Count  infers,  that  the  fufion  was  effefted  merely  by  the  heat  abforbed  or  generated  by  the 
fides  of  the  tumbler. 

7.  The  concluding  experiment  of  this  Eflfay  aflFords  a  ftriking  refult  of  the  circulation  of 
fluids  under  difierent  circumftances.  When  the  inftrument  defcribed  in  our  Journal,  I.  342, 
was  placed  by  accident  in  the  window  of  a  room  warmed  by  a  German  ftove,  the  difference 
of  temperature,  on  the  fide  neareft  the  window  from  that  oppofite  the  internal  part  of  the 
room,  was  fuch  as  to  keep  up  a  conftant  circulation  of  the  fluid.     This  event  induced  the 
Count  to  fubftitutea  box  of  plate  glafs  in  the  place  of  one  of  the  panes  of  his  window.  This  " 
apparatus,  which  was  13  inches  high,  laj-  inches  wide,  and  one  inch  within  from  plate  to 
plate,  was  half  filled  (and  as  I  fuppofe  afterwards  completely  filled)  with  the  faline  folutioti 
with  pieces  of  amber  floating  in  it,  as  defcribed  at  the  place  lad  quoted.     The  Count  ex- 
pefled  to  behold  the  currents  as  ufual  in  this  new  veflel  ;  but  to  his  great  furprife  they 
proved  not  vertical,  but  horizontal,  exhibiting  a£lual  winds  in  oppofite  directions,  whick 
fpringing  up  in  the  different   regions  of  this  artificial  atmofphere,  prevailed  for  a  long 
time  with  the  utmoft  regularity,  while  the  fmall  particles  of  the  amber  colle£ling  them«- 
felves  together  formed  clouds  of  the  moft  fantaftic  forms,  which  being  carried  by  the  wind$ 
rendered  the  fcene  perfedtly  fafcinating. 

Several  fubordinate  circumftances  gave  thefe  motions  a  more  intimate  refembl^nce  to 
the  atmofpherical  phenomena^  One  remarkable  appearance  never  failed  to  prefent  itfelf 
regularly  every  day  during  the  three  weeks  that  the  experiment  was  continued.  The  clouds^ 
after  having  been  driven  about  all  day  by  the  different  currents,  in  the  liquid  (of  which  there 
were  fometimes  as  many  as  fix  or  fevea  running  in  oppofite  dire£iions  at  the  fame  time)^ 
Bever  failed  to  colle£t  themfelves  together  in  the  evening  into  large  maffes,  fometimes  form* 
ing  only  one,  and  fometimes  two  or  three  ftrata  at  different  heights,  where  they  remained 
to  all  appearance  perfc£):ly  motionlefs  during  the  night. 

The  experiment  was  pat  an  end  to  by  the  accidental  breaking  of  the  veffeL 


VI. 

Jn  Ac^unt  of  certain  Motions  Vilticb  fmall  lighted  IVicks.  acquire  when  fwimming  in  a  Bafon  of 
0U\  together  with  Oi/ervations  upon  the  Phen»mena  tending  to  explain  the  Principles  upon 
which  fuch  Motions  depend.     By  PATRICK  fTlLSON^  F.R.S.  Edin.^  and  Profejfor  of 
pra^ifial  Aftronomj  in  the  Univerftty  of  Glafgonu  •. 

DEAR  SIR,  Glafgow  Collegey  April  28^  179  J, 
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NOW  fit  down  to  give  you  fome  account  of  the  little  hydroftatical  lamp  which  I  faf 
briefly  mentioned  to  you  in  a  former  letter.     As  I  am  far  from  being  fure  whether  what  I 

*  In' SI  Letter  to  Mc.  John  Fkyfair,  F.  R«  S.  Edin.  Ice.  inferted  in  the  Edinburgh  Tranfaftions;  vol.  it. 
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have  to  offer  upon  this  fubjcA  may  be  entitled  to  the  notice  of  the  Edinburgh  Royal  S<v 
ciety^  fo  I  will  refer  ihis  point  to  your  determination  after  you  have  had  leifure  to  confider 
the  contents. 

The  phenomena  treated  of  i^  the  fequel  were  quite  new  to  me  a  few  months  ago,  and,  (b 
far  as  I  know,  have  not  hitherto  been  attended  to  or  defcribed  by  any  body  elfe.  What  I 
have  called  the  hydroftisticai  lamp,  confifts  of  a  fmall  circular  patch  of  common  writing 
j>aper,  about  three-eighths  of  an  inch  in  diameter,  having  about  a  quarter  of  an  inch  of  foft 
cotton  threap  {landing  up  through  a  punclure  in  the  middle  to  ferve  as  a  wick ;  and  the  phe- 
nomena in  queftion  are  certain  motions  which  fuch  minikin  lamps  acquire  when  lighted  and 
made  to  fwim  in  very  pure  fallad  oiL 

A  fballow  glafs  bafon,  with  fides  rifrng  nearly  perpendicular,  or  a  common  glafs  falver, 
awill  conveniently  contain  the  oil  for  thefe  experiments.  As  foon  as  the  lamp  is  lighted,  it 
will  immediately  fail  brifkly  forward  in  fome  dire6iion  till  it  meets  the  fide  of  the  veflel,  and 
afterwards  will  take  a  circular  courfe,  always  bearing  up  to  the  fides,  and  fo  will  perform 
many  revolutions.  ^ 

Sometimes  the  circulation  is  from  right  to  left,  and  fometimes  in  the  contrary  diredion, 
according  as  that  point  of  the  paper  bafe,  which  in  the  diredl  failing  kept  always  foremoft, 
Curns  away  from  the  fide  of  the  ghfs,  a  little  to  the  right  or  to  the  left  hand  of  that  which 
comes  to  be  the  point  of  conta£l.  This  turning  away  of  what  may  be  called  the  lead- 
Ing  point  of  the  bafe  is  diftinAly  obfervable  by  a  partial  rotation  of  the  lamp  round  the 
wick  as  an  axis,  as  foon  as  it  arrives  at  the  fide  of  the  veffel.  Sometimes,  though  rarely, 
the  leading  point  itfelf  attaches  itfelf  to  the  fide,  and  forms  the  vinculum,  in  confcquence  of 
the  well-known  corpufcular  attra£lion  between  the  elevation  of  oil  around  the  bafe  and  that 
belonging  to  the  fides  of  the  glafs  j  and  when  the  vinculum  fo  correfponds  to  the  leading 
point,  the  lamp  will  be  found  to  ftand  ftill  without  any  tendency  to  circulate. 

When  the  little  wick  has  any  feniible  eccentricity  upon  the  circular  paper  bafe,  the  lamp 
will  fail  fo  as  to  make  that  part  of  the  bafe  which  lies  neareft  to  the  wick  the  (lern ;  and  if 
the  bafe  of  the  lamp  be  clipped  to  an  oval  form,  and  the  wick  placed  in  the  longer  axis  ex- 
centrical,  that  end  of  the  bafe  neareft  the  wick  will  alfo  keep  hindernipfl-,  when  the  lamp 
iails  acrofs  the  falver.  In  the  fame  manner,  if  there  be  an  equilateral  triangle,  having  its 
wick  in  the  perpendicular  which  bife£ts  any  of  the  fides,  either  the  vertex  or  fide  will  be- 
come the  ftern,  and  keep  hindermoft,  according  as  the  wick  is  placed  neareft  the  one  or  the 
^ther.  Lamps  fo  conftruded  are  found  alfo  to  circulate  upon  their  arrival  at  the  fide  of  the 
veflel,  when  the  leading  point  turns  away  from  the  glafs,  as  it  commonly  happens. 

Whatever  be  the  caufe  of  the  failing  of  the  lamp  direftly  forward,  the  perpetual  circu* 
lation  after  it  arrives  at  the  fide  feems  to  proceed  from  the  force  which  formerly  impelle(l 
k  flnllaifling  in  the  fame  manner,  but  in  a  dire£lion  inclined  to  that  of  the  corpufcular  at- 
traction which  forms  the  vinculum  *,  and  it  is  evident  that  this  inclination  will  be  greater  or 
lefs  according  as  the  leading  point  is  more  or  Icfs  averted  from  the  glafs.  When  it^fo  hap- 
pens that  the  leadingpoint  and  vinculum  coincide,  it  ftiould  feem  that  both  forces  juft  now 
mentioned  muft  urge  the  lamp  in  a  dire£tion  perpendicular  to  the  fide  of  the  glafs  i  in  which 
cafe  it  muft  ftand  ftill,  agreeable  to  obfervation. 

The  next  thing  which  I  had  occafion  to  take  notice  -of  when  the  lamp  failed  in  a  iirtSt 
courfe,  was  a  feemingly  very  adUve  repulfion  between  its  ftern  and  the  oil  at  the  furface  con-  | 

tiguous  . 
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tiguous  to  it.  This  became  manifeft  when  very  fine  charcoal  duft  was  lightly  fcattered 
around  the  lamp.  As  it  then  proceeded  in  its  courfe,  it  marked  out  3  fpreadlng  or  diverg- 
ing tvake  behind  it  entirely  clear  of  all  duft,  in  confcqucnce  of  the  particles  being  chafed 
backwards  and  laterally  with  a  motion  much  more  than  merely  relative. 

Defirous  of  learning  how  this  difpofition  of  the  duft  would  take  place  when  the  lamp 
was  ftationary,  I  conftruftcd  one  of  a  fine  wafer,  and  with  an  excentric  wick  confifting  of 
a  foft  cotton  thread  doubled  ;  and  to  prevent  the  wafer  or  bafe  from  catching  fire  I  coated 
its  upper  furface  with  gold  leaf.  When  this  was  made  to  reft  immoveably  upon  the  oil,  the 
duft  retired  in  all  diredlions  fo  as  to  leave  the  fpace  adjacent  to  the  wafer  quite  free  from 
€vcry  particle.  But  here  it  was  obfervable,  that  this  difpcrfion  of  the  duft,  by  the  feeming  re- 
pulfionof  the  bafe  of  the  lamp,  was  much  more  rapid  at  that  fide  which  lay  neareft  to  the 
.  wick  than  at  any  other  part,  and  leaft  of  all  fenfible  at  the  fide  diametrically  oppofite. 

The  circumftances  laft  mentioned  feem  fufiiciently  t.>  account  both  for  the  progreflive 
motion  of  the  lamp,  and  for  the  general  law  of  this  motion  formerly  Jefcribed.  For,  re- 
garding this  difperfion  of  the  duft  as  yet  only  in  a  general  way,  and  as  the  efFw*£l  of  fome  re- 
pulfion  between  the  bafe  and  the  oil  contiguous  to  it,  the  fads  above  mentioned  plainly.in- 
dicate,  that  in  all  cafes  this  repulfion  is  ftrongcft  at  that  part  of  the  bafe  neareft  the  wick  or 
flame  ;  and  as  aftion  and  reaSion  are  equal  and  contrary,  the  lamp  muft  therefore  be  im- 
pelled, in  the  diredlion  of  a  line  drawn  through  the  wick,  towards  that  part  of  the  bafe  moft 
remote  from  it,  and  where  the  reaction  is  the  leaft. 

But  in  order  to  obtain  a  ftill  more  competent  knowledge  nf  the  phyfical  caufe  of  thefe  mo- 
tions, it  feemed  now  neceflary  to  enquire  more  particularly  into  this  apparent  repulfion, 
between  the  bafe  of  the  lamp  and  the  furrounding  oil,  as  indicated  by  the  difperfion  of  the 
duft  in  the  manner  above  defcribed :  and  here  the  following  confiderations  prefented  them- 
felves : 

The  oil  in  the  bafon,  when  of  an  uniform  temperature,  has  all  its  parts  in  a  ftate  of  equi- 
librium ^nd  of  reft.    When  the  lamp  is  lighted,  it  is  evident  we  have  a  very  a<5live  caufe  in- 
troduced tending  to  deftroy  that  equilibrium.     This  caufe  is  the  flame  which  broods  over 
a  fmall  portion  of  the  oil,  and  is  feparated  from  it  only  by  the  intervention  of  a  piece  of 
paper  or  a  wafer.  The  oil  in  fuch  circumftances,  in  confequence  of  being  violently  heated, 
muft  fuddenly  increafe  in  volume,  and  muft  now,  on  account  of  the  decreafe  of  its  fpecific 
gravity,  be  prefled  upwards  by  a  force  fufficient  to  raife  part  of  it  above  the  general  level. 
But  this  heated  portion  of  oil,  in  its  endeavour  to  rife  up,  will  meet  with  a  refiftance  equal  to 
the  weight  of  the  incumbent  lamp,  which  will  determine  it,  in  feeking  a  vent,  to  Aide  out 
from  under  the  bafe  in  a  thin  fuperficial  ftream ;  and  it  feems  to  follow  with  equal  certainty, 
that  this  ^onftant  ftream  will  flow  moft  rapidly  and  moft  copioufly  towards  that  fide  of  the 
bafe  of  the  lamp  where  the  refiftance  is  leaft,  or  where  it  has  the  fliorteft  way  to  prefs  for- 
ward ;  that  is,  from  under  the  wick  or  flame  to  the  edge  of  the  bafe  which  is  the  neareft, 
according  to  what  we  have  feen  to  be  agreeable  to  the  phenomena.     But,  from  the  laws  of 
motion,  it  is  certain  that  the  re-aftion  of  thi^  ftream  of  rarefied  oil,  thus  ifluing  moft  rapidly 
and  moft  copioufly  from  a  particular  fide  of  the.  bafe,  muft  impel  the  lamp  in  the  contrary  dt- 
tcGtloriy  and  make  it  fail  in  the  manner  we  have  feen.     It  may  further  be  remarked,  that  the 
heated  oil  fo  retreating  from  the  flame,  and  endeavouring  to  rife  fomewhat  above  the  general 
leyel,  in  confequence  of  its  diminiflicd  fpecific  gravity  may  more  or  lefs  lift  up  that  fide 
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of  the  bafe  neareft  the  wick,  and  aid  the  re-a£tion  of  the  recoiling  ftream,  by  making  the 
lamp  (ail  in  the  oppofite  direAion^  as  it  were  down  hill. 

That  the  rarefied  oil  under  the  bafe  has  really  a  conftant  tendency  to  rife  above  the  ge- 
neral level,  feems  undeniable  from  the  following  fails;  namely,  that  after  any  of  the  lamps 
has  burned  a  little  while,  and  has  got  its  bafe  foaked  with  the  oil,  as  foon  as  the  flame 
is  blown  out  the  lamp  finks  to  the  bottom ;  and  even  a  lamp  with  its  bafe  made  of  a 
thin  lamiria  of  talc  fails  very  well  till  the  flame  is  extinguiflied,  and  then  it  immediately 
finks. 

Agreeable  to  the  explanation  which  has  now  been  attempted,  I  found  that  when  a  to» 
pical  heat  was  applied  to  the  furface  of  the  oil,  by  bringing  the  point  of  a  poker  dully  red 
hot  nearly  into  contaft,  there  was  foon  produced  a  fuperficial  ftream  or  efflux  from  the  iron 
in  all  direflions,  which  cleared  the  face  of  the  oil  from  the  charcoal  duft  in  a  wider  and  a 
wider  circle,  till  at  laft  the  whole  particles  were  crowded  together  at  the  confines  of  th« 
bafon. 

When  the  oil  in  this  experiment  was  fhallow,  having  gold  leaf  beat  into  very  minute 
parts  mixed  with  it,  an  oppofite  flream  was  obferved  below  fetting  in  towards  the  poker  in 
all  directions,  and  then  rifing  upwards.  But  this  general  tendency  of  all  the  parts  of  the 
fluid,  of  moving  in  queft  of  an  equilibiium,  is  illuftrated  in  a  very  entertaining  manner  as 
follows :  Into  a  tea  cup  or  punch  glafs  nearJy  filled  with  pure  water,  pour  a  deflert  fpoonful 
of  very  clear  fallad  oil  with  minute  particles  of  gold  leaf  in  it.  If  the  water  be  cold,  the  oil 
when  poured  on  at  the  centre,  leifurely  and  continuedly,  will  reft  upon  the  furface  in  the 
form  of  a  lens,  and  remain  infulated  and  equidiftant  from  the  fides  of  the  veflTel.  A 
little  lamp,  when  put  upon  this  lens  of  oil  and  lighted,  will  fail  and  circulate  as  longer 
ones  do  in  a  bafon.  If  it  be  now  made  to  (land  (till,  it  is  very  amufing  to  obferve  the  mi- 
nute particles  of  the  gold  perpetually  thrown  out  brifkly  at  the  ftern  in  the  fuperficial  cur- 
rent, whilft  the  particles  in  the  fund  of  the  lens  creep  in  all  dircftions  towards  the  lamp, 
and  at  laft  rife  up  under  the  bafe  towards  the  flame,  as  the  great  centre  of  atiraftion,  till 
they  are  caught  by  the  retreating  fuperficial  flream,  in  which  they  rapidly  trend  off"  to  fome 
diftance,  when  again  they  fink  to  renew  the  circulation. 

When  \  patch  of  paper,  or  a  wafer,  or  fuch  light  body,  fwims  upon  the  oil  in  the  bafon » 
the  point  of  a  hot  iron  held  near  to  it  makes  it  flit  its  place,  and  move  away  by  a  feeming 
repulfion ;  but  in  reality  by  the  heat  generating  a  fuperficial  ftream  flowing  from  the  iron  in 
all  diredions. 

Again,  if  upon  oil  of  turpentine,  aether,  alcohol,  or  any  of  the  inflammable  fluids  poflefl!! 
ing  much  tenuity,  you  throw  a  wafer  much  heated,  it  will  immediately  glide  away  and  con- 
tinue in  motion  till  it  cools  j  when  the  ftream  which  iflued  from  fome  part  of  it  moft  co- 
pioufly  ceafes.  Double  rum,  melted  tallow,  bees- wax,  and  rofin,  alfo  aiford  the  fame  con- 
tinued efflux  at  the  furface  upon  a  topical  application  of  heat,  and  the  fame  phenomena  as 
the  oil  docs  when  little  lamps  are  made  to  fwim  in  them.  It  is  fomewhat  remarkable^ 
however,  that  though  the  inflammable  fluids  all  agree  in  this,  yet  the  topical  application  of 
heat  at  the  furface  of  water  does  nc  t  produce  fimilar  efi^efts. 

For,  if  the  point  of  a  poker  neatly  red  hot  be  held  very  clofe  to  the  furface  of  water  in  a 
bafon,  the  particles  of  the  charcoal  duft  do  not  at  all  glide  away,  as  they  do  in  the  cafe  of  oil> 
but  fecm  to  acquire  only  a  flow  irregular  circular  motion,  vihich  in  time  fpreads  widcr> 

whilft 
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whitd  ihc  ftoaiing  metes,  or  partieJcs  of  dull,  keep  nearly  tlielr  relative  places  j  and  the 
fame  tiling  happens,  though  the  point  of  the  iron  touches  the  water  fo  as  Co  make  it  fimmcr. 
I  do  not  well  know  how  to  account  for  ihi?,  uiiiefs  it  may  be  a  confeqiienceof  the  known 
much  lefs  expanfibility  of  water  by  heat,  compared  to  that  of  the  infiamniahSe  fluids,  and 
which  may  bo  fo  inconfiderable  as  not  to  dcflroy  the  equilibrium,  fo  far  as  to  produce  an 
efflux  from  the  lighter  and  expanded  fluid  immediately  under  the  heated  body.  Poflibly  too 
the  parts  of  the  water,  as  foon  as  heated,  may  tranTmit  the  furplus  temperature  to  the  con- 
tiguous colder  w.iter,  much  more  rapidly  than  the  inflammable  fluids  do  in  like  circum- 
fiaiices,  and  thereby  rofift  the  high  temperature  ncccflary  to  that  degree  of  expanfioii 
which  would  diflurb  ihe  equilibrium  and  produce  an  efflux  j  not  to  mention  that  the  max- 
imum of  this  temperature  can  never,  at  any  rate,  exceed  212  degrees,  the  boiling  point  of 


That  the  equilibrium,  however,  amongfl  ihe  parts  of  water  is  diflurbed  by  the  local  af^ 
plication  of  heat,  though  in  a  much  fmallcr  dcgvce  than  what  obtains  among  the  inDam- 
mable  fluids,  appears  from  an  experiment  I  Was  led  to  make  with  a  fmall  thin  cup  fwim- 
ming  on  water,  and  fo  contrived  as  to  carry  and  feed  with  oil  a  wick  placed  a  little  way 
down  from  the  lip  in  the  infide,  fo  as  to  be  on  a  level  with  the  water.  The  coiifcquencc  of 
this  conftrui^ton  was,  that  the  cup  moved  upon  the  water  very  (lowly,  but  always  with  the. 
flame  evidently  fternmofl.  The  fame  cup,  when  taken  from  the  water  and  piit  into  a  bafon 
of  ftrong  rum,  failed  a  great  deal  fafter,  and  according  to  the  fame  ufual  law. 

I  am  much  afraid  that,  by  this  time,  I  have  wearied  you  by  fuch  a  detail  of  minute  fa£ls 
and  circumftanccs,  and  by  thofe  frequent  repetitions  which  every  new  fubjcct  more  or  lels 
requires. — And  I  ever  remain,  dear  Sir,  your  inoft  obedient  faithful  fervant, 

PAT.  WILSON. 

P.  S.  Should  you  be  inclined  to  repc.it  any  of  the  experiments,  the  following  diredions 
and  mifcellaneous  obfervations  may  be  attended  to ;  l"he  thread  I  made  ufe  of  for  the  wicks 
was  of  that  foft  kind  commonly  cmploj'ed  in  the  flowering  of  mtiflin.  After  making  the  punc- 
ture in  the  bafe,  vou  put  through  a  bit  of  the  thread,  which  clip  £bort  oS  below,  and  with  a 
pin  force  in  the  burr  gently  round  the  thread,  to  give  the  bafe  a  proper  hold  of  it.  Then 
clip  away  the  fuperfluous  thread  above,  leaving  the  wick  about  a  quarter  of  an  inch  long  j 
and  fo  the  lamp  is  completed.  Set  it  then  upon  the  oil  by  taking  hold  of  the  wick,  that  the 
paper  bafe  may  not  be  bent  or  diftorted  by  handling  it ;  and,  after  the  wick  is  touched  with 
a  drop  of  oil,  it  is  ready  for  being  lighted.  For  this  purpofe  a  bit  of  packthread,  which  has 
been  fteeped  in  oil,  is  a  cleanly  and  convenient  match,  and  fbeds  no  impurities  on  the  oil, 
as  a  candle  or  wax  taper  would  do. 

When  you  want  the  lamp  to  circulate,  the  oi!  mufl  be  very  pure,  and  brought  into  full 
contai51  with  the  fides  of  the  glafs.  The  oil  and  the  bafon,  or  falver,  Ihould  all  be  allowed 
to  come  to  the  fame  temperature,  between  5  5  and  60  degrees  of  Fahrenheit.  For,  if  any 
part  of  the  brim  be  much  hotter  than  the  reft,  the  lamp,  on  arriving  there,  will  leave  the 
fide,  by  the  current  ifluing  from  the  he.ited  part  forcing  it  away. 

Sometimes  the  lamp,  when  failing,  veers  a  little  into  a  difFerent  direction,  by  the  bafe 
altering  or  warping  by  the  fcorching  beat  of  the  flame,  which  determines  the  ftteam  to 
flow  out  mofl  copioufly  at  a  dilftrent  part  of  the  bafe. 
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In  the  melted  greafe  which  lies  round  the  wick  of  a  common  candle,  when  lighted,  there 
are  fometimes  obfcrved  atoms,  which  have  been  left  by  the  fnuffers,  moving  to  and  from  the 
flame  continually.  Thefe  motions  have  been  conceived  by  fome  as  occafioncd  by  attract 
tions  and  repulfions,  in  confequence  of  an  ele£lrical  Quality  imputed  to  the  flame.  It  {hoiild* 
feem,  however,  that  they  depend  merely  upon  oppofite  currents,  at  the  furface  and  imme- 
diately below  the  furface  of  the  melted  greafe,  according  to  the  principle  above  explained. 


■  -  ■ 
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Experimental  Refearches  concerning  the  Principle  of  the  lattral  Communication  of  Motion  in 
Fluidsy  applied  to  the  Explanation^ of  various  Hydraulic  Phenomena.  By  Citizen  J,  B* 
VENTVRIy  Profejfor  of  Experimental  Philofophy  at  Modena^  Member  of  the  Italian  Society 
rftbe  Injlitute  of  Bologna ^  the  Agrarian  Society  of  Turin^  Isfc* 


T 


HE  apparatus  made  ufe  of  in  moft  of  the  following  experiments  is  the  (ame  as  that  of 
Poleni  t .  It  is  reprefcnted  at  Fig.  i .  PI.  VIII.  The  refervoir  X,  of  a  conical  form,  has  fortjr 
Inches  diameter  at  C£,  and  30  at  O  P.  F  P  is  a  broad  plate  of  copper^  the  plane  of  which* 
is  perpendicular  to  the  horizon ;  it  is  applied  to  the  infidc  of  the  refervoir.  The  valve  or 
flap  FS,  moveable  by  the  handle  K,  is  drawn  up  againft  the  fide  of  the  vefTel  above  F,  in- 
order  that  it  may  not  impede  the  courfe  of  the  particles  of  the  fluid  contained  in  the  refer* 
voir  to  the  aperture  P.  I  have  applied  difierent  ajutages  to  this  aperture,  according  to  the 
exigence  of  the  cafe.  The  tubes  which  I  applied  were  made  of  tinned  iron  of  the  beft 
quality ;  the  longitudinal  jundlion  of  the  edges  was  made  by  immediate  contadt,  and  not  by 
overlapping,  and  the  whole  of  the  workmanibip  was  exe(^ited  with  great  care.  When  the 
aperture  was  fimply  a  hole  through  a  thin  plate,  the  thicknefs  of  it&xdge  did  not  exceed  one 
fourth  of  a  line.  , 

The  upper  veflel  Z  fcrves  to  maintain  the  water  of  the  refervoir  X*at  the  conftant  height 
of  the  line  C  E,  while  it  flows  out  through  P.  The  (dug  A  B  is  drawn  more  or  lefs  back,, 
in  order  to  regulate  the  introduftion  of  the  fupply.  The  box  or  fhelf  D  L. prevents  this 
water  from  exciting  by  its  fall  any  agitation  which  might  influence  the  emiiHon  at  P.  The 
opening  at  Q^difcharges  the  fuperfluous  water  which  might  rife  above  the  line  CE.  The 
height  of  the  furface  C  £  above  the  centre  of  the  orifice  at  P  was  32,5  inches,  ia  all  cafes- 
where  it  is  not  other  wife  exprefled.  , 

Moft  of  the  experiments  here  defcribed  were  made  in  public  at  the  Philofophical  Theatpo 
of  Modena;  various  men  of  fcience  were4>refent  at  the  reft;  the  diflferent  departments  oC 
experiment  were  performed  by  feveral  perfons  at  the  fame  time.  One  of  thefe  operatprs  re- 
peated the  feconds  audibly  from  the  clock ;  another  drew  back  the  valve  S  F;  a  third  regu-^ 
lated  by  the  means  of  the  plug  B  the  introduAion  of  the  fupply  of  water,  fo  that  a  very  .thtA 

•  Since  the  receipt  of  this  memoir  (which  is  equally  valuable  as  the  fource  of  data  for  fcientific  procefles, 
andof  ufeful  praftical  refults,  cither  unknown  or  difregarded  in  hydraulic  works)  it  has  remained  in  my  hands 
with  the  intention  of  prefenting  my  readers  with  an  abftra6t  of  its  contents.  But,  upon  Ari^ter  Qonflderation, 
I  have  thought  it  bcft  to  gi?e  it  entire  from  the  French  original.    N. 

•^  De  Ca&ellit.  This  treatifc  is  rcprmtcd  iu  the  third  yolume  of  Hydraulic  TreatUes,  publiiked  at  Parma.  V^ 
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fllcct  of  water  conftantly  flowed  at  Q^    At  the  inftant  agreed  upon,  the  paflagcs  of  the  water 
were  again  clofcd.    Every  experiment  was  repeated  fucceffively  for  a  number  of  times,  until- 
Ihe  agreement  of  tiie  refults  had  removed  every  fufpicion  of  error.    I  am  aflured  that  even  in 
the  moft  complicated  cafeSy  the  quantity  of  error  could  not  exceed  one  fortieth  part. 

The  meafures  indicated  in  the  courfe  of  thefe  experiments  were  taken  from  a  toife  adjuft- 
cd  by  that  of  the  Academy,,  which  Citi;&en  Lalande  lent  me  in  1783.     Thefe  meafures,  as 
well  as  all  the  others  of  the  i8th  century,  will  undergo  the  fate  which  is  prepared  for  them 
by  the  eftablifliment  of  the  new  metre.     They  may  be  reduced  to  this  new  ftandard,  by  ob-^ 
ferving  that  the  foot  is  to  the  metre  as  lOO  to  308. 

The  wifeft  philofophers  have  their  doubts  with  regard  to  every  abflraft  theory  concern- 
ing the  motion  of  fluids  ;  and  even  the  greateft  geometers  avow,  that  thefe  methods,  which 
have  afforded  them  fuch  furprifing  advances  in  the  mechanics  of  folid  bodies,  do  not  afford 
any  co'nclufions  with  regard  to  hydraulics  but  fuch  as  are  too  general  and  uncertain  for  the 
greater  number  of  particubr  cafes.  ImprefTed  with  a  conviftion  of  this  truth,  I  have  attended 
to  theory  only  when  if  combined  with  the  faftsjand  was  neceflary  to  unite  them  under  a  fingle 
point  of  view.  E^en  this  fmall  portion  of  theory  may,  if  the  reader  pleafes,  be  rejedledj 
and  he  may  confider  the  following  propofitions  fimply  as  the  refults  of  experiment. 

When  I  quote  the  eftimable  work  of  Citizen  BofFut,.  on  hydrodynamics,  I  refer  to  the 
edition  of  171*6*. 

Propofttion  i.     The  motion  of  a  fluid  is  communicated  to  the  lateral  parts  which  are  atr 
refl. 

Newton  has  affirmed,  that  when  motion  is  propagated  in  a  fluid,  and  has  arrived  beyond 
the  aperture  B  C,  fig.  1,  the  motion  diverges  from  that  opening,  as  from  a  centre,  and  is 
propagated  in  right  lines  towards  the  lateral  parts  N  K,  as  well  as  towards  S.  The  fimple 
and  immediate  application  of  this  theorem  cannot  be  applied  to  a  jet  which  ifTues  from  the 
aperture  B  C  at  the  furfacc  of  ftill  water.  Circumftanccs  enter  into  this  cafe,  which  tranf- 
form  the  refult  of  the  principle  into  particular  motions.  It  is  neverthelefs  true,  that  the  jet 
B  C  communicates  its  motion  to  the  lateral  parts  N  K  5  but  it  does  not  repel  them  towards 
P  and  (i,  but  on  the  contrary  tranfports  them  along  with  its  own  fteam  towards  S. 

Experiment  i.  The  horizontal  cylindric  pipe  AC,  fig.  3,  is  introduced  into  the  vefliel 
DEFB,  which  is  filled  with  water  as  high  as  DB«  Oppofite  and  at  a  fmall  interval  from 
the  aperture  C  commences  a  fmall  reflangular  channel  of  tinned  iron,  S MB R,  which  is- 
open  at  top  S  R  j  the  inclined  bottom  M  B  refts  on  the  edge  of  the  velTel  B.  It  is  24  lines 
broad;  the  diameter  of  the  tube  AC  is  14,5  lines;  the  extremity  A  is  applied  to  the 
aperture  P  of  fig.  i.  The  water  of  the  refervoir  being  fuffered  to  flow  through  the  tube 
AC,  the  jet  rifcs  along  the  fmall  channel  MB,  and  flies  out  of  the  veffel  in  the  flream  B  V: 
By  this  means  a  current  is  produced  in  the  fluid  of  the  veflel  DEFB;  this  fluid  enters  into 
the  channel  S  R,  and  iffues  by  MBV  along  with  the  jet  AC,  fo  that  in  a  few  feconds  thcr 
water  D  B  falls  to.  M  H. 

*  I  coniider  this  treatifa  as  fupcrior  to  all  which  before  were  extant.  It  is  founded  on  a  combination  of  the 
principles  of  experiment  and  of  theory.  I  have  profited  by  thefe  principles,  and  feveral  panicular  remarks 
which  the  fam»  Citizen  BolTut  and  Citizen  Frony  have  been  fo  good  at  to  communicate  after  perufai  of  my 
snunoir.    V« . 
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Eyprnmetit  2.  Bring  frme  very  light  or  moveable  bodies  near  the  jet  of  water  P  Y,  fig.  x\ 
which  Ifiijcs  from  the  aperture  P,  and  falls  from  a  certain  height  E  into  the  inferior  veffd 
RT.  It  is  fecii  that  thefe  bodies  arc  carried  along  by  the  air  which  defcends  with  the  jet 
P  Y.     Part  of  this  air  is  carried  along  and  plunged  into  the  water  of  the  inferior  veffcl. 

Thefe  experiments  clearly  prove,  that  the  fluid  which  iflues  by  BC,  fig.  2,  imprefles  its 
irotion  on  the  lateral  paits  N  K  ;  not  by  impelling  them  towards  P  Qj  but  by  carrying  them 
along  with  itfelf  towards  S.  I  call  this  the  lateral  communication  of  motion  in  fluids. 
Newion  was  acquainted  with  this  communication,  and  has  deduced  from  it  the  propagation 
of  rotatory  motion  from  the  interior  to  the  exterior  ftrata  of  a  whirlpool.  Is  this  lateral 
communication  of  motion  occafioncd  by  the  vifcidity  or  mutual  adhefion  of  the  parts  of  the 
fluid,  or  their  mutual  engagement  or  intermixture,  or  the  divergency  of  thofe  parts  which  arc 
in  rrotion  ?  We  may  perhaps  be  able  to  give  fome  account  of  this  when  we  (hall  have  fcen 
the  cfFedls  ;  but  in  the  mean  time,  whatever  may  be  the  caufe,  let  us  take  the  efiedb  as  ex- 
perience points  it  out ;  let  us  confider  it  as  a  principle,  and  endeavour  to  apply  it  to  fome 
particular  cafes  in  order  to  afccrtain  the  rcfult. 

The  firft  circumftance  to  which  I  propofe  to  apply  this  principle  is  the  increafe  of  expen- 
diture of  fluid  iflliing  out  of  an  orifice  fitted  with  additional  tubes. 

Prcpofition  2.  If  that  part  of  an  additional  cylindric  tube  which  is  nearefl:  the  fide  of  the 
refervoir  be  contracted  according  to  the  form  of  the  contrafted  vein  of  fluid  which  iflues 
through  a  hole  of  the  fame  diameter  in  a  thin  plate,  the  expenditure  will  be  the  fame  as  if  the 
lube  were  not  contrafted  at  all.  It  is  well  known,  that  when  the  water  of  a  refervoir  is 
fuffered  to  flow  through  a  circular  orifice  in  a  thin  plate,  the  fluid  vein  which  forms  the  jet 
becomes  contrafled  at  a  (hort  difl:ance  from  the  orifice  ;  and  the  diameter  of  the  contraded 
vein  is  nearly  o,8  of  the  diameter  of  the  orifice.  Poleni  firft  obfcrvcd,  that  by  applying  an 
additional  cylindric  pipe  to  the  orifice,  of  the  fame  diameter  as  the  orifice  itfclf,  and  from 
two  to  four  times  that  length,  the  expenditure  is  increafed  from  lOO  to  133.  To  account  for 
this  augmentation,  he  fuppofes  that  the  fluid  vein  is  lefs  contracted  in  pipes  than  after  paffing 
through  the  thin  plate.  The  fuppofition  was  not  unreafonable  ;  but  it  could  not  apply  to  the 
cafe  announced  in  this  propofition.  I  fhall  p  roceed  to  give  the  particulars  in  the  following 
experiment. 

Experiment  3.  To  the  aperture  P,  of  fig.  i,  I  applied  a  circular  orifice  18  lines  in  diameter, 
pierced  through  a  thin  plate.  Four  cubical  feet  of  water  flowed  into  the  veflTel  Y  in  41 
feconds. 

I  then  applied  to  the  orifice  a  cylindric  tube  of  the  fame  diameter,  and  fifty-four  lines 
long.     The  four  cubic  feet  flowed  out  in  31  feconds. 

Inftead  of  this  fimple  cylindric  tube,  I  applied  the  compound  tube  of  fig.  5 ;  the  parts 
of  which  have  the  following  dimenfions  in  lines  ;  AC=GI  =  MN  =  i8;DF  =  14,5 ; 
AB  =  ii;BG=io;  GM  =  37;  AM  =  58.  With  this  compound  tube  the  expendi- 
ture of  four  cubic  feet  of  water  was  made  in  31  feconds,  as  with  the  fimple  cylindric  tube. 

The  form  of  the  conical  portion  A  C  D  F  was  nearly  the  fame  as  that  of  the  contraAion 
of  the  vein  which  iflues  through  a  thin  plate.  The  vein  muft  therefore  have  pafled  through  a 
contradlion  nearly  equal  to  that  of  the  contracted  vein  from  a  thin  plate  5  the  expenditure 
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neverthclcfs  was  more  abundant,  in  the  fame  proportion  as  through  the  limple  cylindtic 
lube.  It  follows,  therefore,  that  the  velocity  of  the  feftion  D  F,  and  of  (he  whole  conoid 
A  C  D  F,  mull  have  been  greater  than  thnt  of  the  contraifted  vein  from  a  thin  plate  ;  and  it 
remains  to  be  (hewn  what  was  the  caufe  of  this  augmentation  of  velocity  which  takes  place 
within  the  tube,  and  does  not  manifeft  itfelf  externally. 

That  the  conical  lube  A  C  D  F  does  not  itfelf  caufc  any  augmentation  of  expenditare,  is 
evinced  by  the  following  , 

Experiment  4.  The  conical  tube  A  C  D  F,  from  which  the  remaining  part  D  G  M  N  I  F 
was  feparatcd,  was  applied  to  the  orifice  P.  The  four  cubic  feet  were  emitted  in  42  feconds, 
which  is  the  time  of  the  cxpence  through  the  orifice  itfelf  A  C  in  the  thin  plate,  with  the 
diiFcrence  of  one  fecond  only.  This  flight  variation  arifes  from  its  being  almoft  impoffiblc  to 
make  the  tube  A  D  C  F  pcrfcAIy  of  the  form  of  the  natural  contrailed  vein. 

Propafithn  3.  The  prefllire  of  the  atmofphere  increafcs  the  expence  of  water  through  a 
flmplc  cylindric  tube,  when  compared  with  that  which  iffucs  through  a  hole  in  a  thin  plate, 
whatever  may  he  the  dire£lion  of  the  tube. 

It  has  long  been  known,  that  a  heavy  fluid  which  moves  in  a  defcenJing  cylindric  pipe 
tends  to  accelerate  its  motion.  The  inferior  parts  tend  to  fcparatc  thcmfelves  from  the 
fuperior,  and  by  that  means  caufc  the  pieflure  of  the  atmofphere  to  increafe  the  velocity  of 
the  fuperior  parts.  This  fuccelTive  acceleration  of  gravity  cannot  take  place  in  an  horizon- 
tal or  afcending  pipe,  Wc  (hail  nevcrtheiefs  find  that  the  preflUre  of  the  atmofphere  a£ts 
even  in  thcfe  lail  lituations  to  increafe  the  velocity  of  fluid  within  the  pipe.  Certain 
queOions  of  legal  right,  which  arofe  in  my  cuuntry,  refpefling  the  qu.mtity  of  water  fup- 
plied  by  a  pipe  for  watering  lands  {canal  d'arrofemcnt)  directed  my  attention  to  this  obje^fl. 

In  the  year  1791 1  made  the  following  experiments  publicly  in  the  Theatre  of  Natur.d  Phi- 
lofophy  at  Modena: 

Experim-^nt  5.  To  the  aperture  P,  fig.  i,  I  applied  a  cylindrical  pipe  54  lines  in  length 
and  18  in  diameter.  At  the  diftance  of  nine  lines  from  the  interior  orifice  P,  twelve  fmall 
holes  were  made  in  its  iiircum  fere  nee.  When  thcfe  fmall  boles  were  open,  the  four  cubic 
feet  ifliied  out  in  41  feconds,  in  the  fame  manner  as  through  a  thin  plate.  N-Jt  a  fingle  droj> 
pafled  through  any  of  the  holes,  and  the  ftrcam  did  not  fill  the  tube.  The  holes  were  then 
clofed  une  after  the  other  with  wet  (kin.  As  long  as  there  was  one  hole  open  the  expence  con- 
tinued the  fame;  but  when  at  laft  all  the  twelve  holes  were  well  clof'.-d,  the  fluid  Hream 
ilTucd  out  in  a  body  which  iillcd  the  pipe,  and  the  four  cubic  feel  were  emitted  in  31  feconds. 

Expcrmcnt  6.  To  the  cylindric  tube  K  L  B,  fig,  6,  18  lines  in  diameter  and  57  h'ncslong^ 
was  joined  the  glafs  tube  QJl  S  T,  at  the  diftance  of  eight  lines  from  the  interior  orifice  K. 
The  glafs  tube  was  plunged  in  coloured  water  contained  in  the  velTcl  T.  When  this  ap- 
paratus was  applied  to  the  aperture  P,  fig.  1,  the  four  cubic  feet  of  water  flowed  out  in  31 
feconds.  The  coloured  liquid  T  rofc  in  the  tube  T  R.  as  high  as  S,  at  the  height  of  34 
inches  above  the  furface  T. 

The  branch  R  T  of  the  glafs  tube  was  (bortened  fo  that  R  T  was  only  (ix  inches  longer 
than  R  Q.  The  efflux  being  then  permitted  to  take  place,  the  coloured  liquor  of  the  velTcl 
T  rofe  through  the  tube  RT,  and  mixed  with  the  water  which  flowed  from  the  rcfervoir 
through  KV,  botfa  of  which  flowed  out  at  V,  and  in  a  (hotC  time  the  veflel  T  was 
emptied. 

I  repeated 
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I  repeated  this  experiment  with  the  compound  tube  fig.   5,  and  the  refults.  were  €h« 

fame. 

Experimeta  7.  The  cylindrical  pipe  K  L  V,  fig.  6,  was  applied  in  an  afcending  and  nearly 
vertical  fituation  to  the  orifice  R,  fig.  8,  of  the  veffel  H  I,  of  which  the  end  H  communicated 
by  an  opening  of  confidcrable  extent  with  the  water  of  the  rcfervoir  X,  fig.  i.  The  charge  on 
the  upper  extremity  V  of  the  tube  was  27,5  inches.  I  inclined  the  tube  a  little  from  the 
vertical  direftion,  in  order  that  the  jet  might  not  fall  back  upon  itfelf.  The  glafs  tube  QRT, 
fig.  6,  in  this  new  fituation  was  fo  difpofed  that  its  lower  extremity  was  immerfed  as  before 
in  the  coloured  liquid  of  the  veflcl  T.  WUen  the  efflux  was  permitted,  the  expenditure  of 
four  cubic  feet  was  made  in  34  feconds  ;  and  the  coloured  liquid  rofe  in  the  tube  RT  to  the 
height  of  near  20  inches.  With  the  fiime  charge  of  27,5  inches  the  orifice  of  18  lines 
in  a  thin  plate  would  have  afforded  the  four  cubic  feet  in  45  feconds. 

Exper'wient  8.  A  cylindrical  veflcl  of  4,5  inches  diameter  had  in  its  vertical  fides  near 
the  bafe  a  circular  opening  of  4,5  lines  in  diameter,  opened  in  a  thin  plate  of  tinned  iron. 
The  furface  of  the  water  contained  in  this  vcflel-  was  ?,3  inches  above  the  centre  of  the 
aperture.  The  water  was  then  fuflRired  to  flow  out  of  this  aperture  in  the  thin  plate,  and  its 
furface  was  depreflfed  fevcn  inches  in  the  veflfel  in  27,5  feconds  of  time. 

To  the  fame  aperture  was  applied  a  cylindric  tube  of  the  fame  diameter,  and  in  length 
1 1  lines.  The  veflel  was  filled  to  the  fame  height  as  before,  and,  the  water  being  fuffercd  to 
flow  out,  its  furface  was  depreflcd  feven  inches  in  21  feconds. 

The  fame  experiment  was  afterwards  repeated  in  the  receiver  of  the  air-pump,  under 
which  the  mercurial  gauge  flood  at  no  more  than  jo  lines  in  height.  The  furface  of  tke 
ivater  in  the  veffel  was  depreflfed  feven  inches  in  27,5  feconds,  whether  the  aperture  was 
made  in  a  thin  plate,  or  whether  it  was  provided  with  an  additional  cylindric  tube. 

The  height  of  the  coloured  water  in  the  tube  of  glafs  meafures  the  adlive  quantity  of  the 
prcfTure  of  the  atmofphere,  which  is  exerted  on  the  furface  of  the  water  to  increafe  the  ex- 
penditure. For  example,  in  the  fixth  experiment  32,5  +  24  inches  charge  on  the  orifice 
P,  and  we  have  nearly  \/32,5  :  ^56,5  : :  31 ":  41'',  as  is  required  by  the  common  theory 
of  the  motion  of  fluids  which  iflTue  out  of  veflfels  by  a  fmall  aperture.  The  fame  obtains  in 
Experiment  7. 

Daniel  Bernoulli  made  the  7th  experiment  in  dcfcending  tubes,  and  in  diverging  conical 
tubes,  and  explained  the  refult  merely  by  the  theory  of  coi^fervation  of  living  forces.  Euler 
and  d'Alembert  obferved  to  him,  that  the  preflure  of  the  atmofphere  was  concerned  in  the 
effc£l*.  Though  the  cafe  of  the  defcending  tube  be  difi^crent  from  that  of  the  horizontal  or 
afcending  tube,  the  knowledge  of  the  firft  of  thcfe  two  cafes  may  neverthelefs  fdciliiate  the 
knowledge  of  the  fecond.  Bcfides  which,  the  caufes  which  adl  in  both  cafes  are  often  com- 
bined together,  and  it  is  necefliary  to  be  well  acquainted  with  both,  in  order  to  diftinguifli  the 
refults.  On  this  account  it  is,  that  in  the  following  propofition  I  have  turned  from  my  prin* 
cipal  fubjc£t  for  a  moment  to  confider  the  firfl  cafe,  after  which  I  fliall  return  to  the  fecond. 

Propcfition  4.  In  defcending  cylindrical  tubes,  the  upper  ends  of  which  poflefs  the  form  of 
the  contra(5led  vein,  the  cxpence  is  fuch  as  correfponds  with  the  height  of  the  fluid  above  the 
inferior  extremity  of  the  tube. 

*  D'Alcmbcrt,  Traitc  dcs  Fluidcs,  Art.  149. 
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The  ancients  remarked,  that  a  defcending  tube  applied  to  a  refer  voir  increafes  the  expen* 
diture^k  Mariotte  eftimated  that  the  water  ifTues  through  C  Q^  fig.  jf  with  a  velocity  near- 
ly  the  mean  proportional  between  the  velocities  arifmg  from  the  two  heights  A  B,  A  Cf* 
Guillielmini  fought  for  the  Caufe  of  this  augmentation  in  the  weight  of  the  acmofphere,  and 
determined  the  velocity  at  C  to  be  the  fame  as  would  arife  from  the  whole'height  A  Cj:.  In 
his  reafoninghe  fuppofes  that  the  preiTure  at  C  is  the  fame  for  the  itate  of  motion  as  for  that) 
of  reft  ;  which  is  not  true%  In  the  experiments  he  made  upon  this  obje£k,  he  paid  no  regard 
either  to  the  diminution  of  expenditure  produced  by  the  irregularity  of  the  inner  furface  of 
the  tubes,  nor  the  augmentation  occafioned  by  the  form  of  the  tubes  themfelves.  By  a 
Angular  accidental  concurrence,  one  of  thefe  errors  compenfated  for  the  other.  I  know  of 
no  other  decifive  experiment  on  this  head  flnce  Guillielmini.  I  (hall,  therefore,  proceed  to 
eftablifh  the  propofition  upon  the  principle  of  virtual  afcenfion  combined  with  the  preflure  of 
the  atmofphere,  and  that  in  a  manner  which  ihall  be  clear  of  every  objection,  of  theory  as  well 
as  of  experiments 

Let  B  L  K  O  reprefent  a  conical  tube  adapted  to  the  form  of  the  contrafted  vein  § ;  the 
cylindrical  tube  L  C  Q^K  is  of  the  (ame  diameter  as  the  contradled  part..  The  fluid  ftratumy 
LK,  continuing  to  defcend  through  LC,  tends  to  accelerate  its  motion,  according  to  the 
laws  of  gravitation  ;  and  confequently  when  it  pafles  from  L  K  to  M  N,  it  tends  to  detach 
itfelf  from  the  ftratum  which  follows,  or  in  other  words  it  tends  to  produce  a  vacuum 
between  L  K  and  M  N ;  and  the  fame  elFed):  takes  place  through  the  whole  length  of  the 
tube  L  e.  The  prefTure  of  the  atmofphere  becomes  active  as  far  as  is  neceflary  to  prevent 
the  vacuum ;  and  its  a<Slion  is  alike  both  at  the  furface  of  the  fluid  at  A,  and  at  the  inferior 
extremity  of*the  tube  at  C.  At  A  it  increafes  the  expenditure,  and  at  C  it  deftroys  thefum 
of  the  accelerations  which  would  be  produced  along  L  C,  fe  that  the  fluid  remains  con« 
tinuous  in  the  tube. 

Let  T  reprefent  the  time  which  the  continuous  column  of  fluid  L  C  QJK.  employs  to  pafs 
through  the  tube  L  C,  whatever  may  be  the  velocity  at  L,  and  the  fucceflivc  acceleration 
from  L  to  C.  And  if  we  fuppofe  this  fame  column  to  return  upwards  from  D  to  £,  it 
will  pafs  through  the  fpacc  D  E  =  L  C  in  the  fame  time  T ;  during  which  it  will  lofe  all  the 
acceleration  it  acquffed  from  L  to  C.  The  preflure  of  the  column  E  D,  continued  for  the  time 
T,  is  therefore  the  quantity  required  to  deftroy  the  fuccefTivc  acceleration  from  L  to  C,  and 
to  prevent  the  fluid  from  ceafing  to  be  continuous  in  the  tube  L  C :  confequently  that  part  of 
the  prefliire  of  the  atmofphere  which  is  exerted  at  C  Q.to  deftroy  the  fum  of  the  accelerations 
through  LC,  is  equal  to  the  prefTure  of  a  column  £  D  of  a  fluid,  homogeneous  to  that  of 
the  refervoir  A  B.  And  fmcc  the  fame  prefliire  muft  alfo  be  exerted  on  the  furface  A  of  the 
rcfcrvoir,  if  we  take  F  A  =  LC,  the  fluid  at  LK  will  poflefs  the  velocity  which  is  proper 
to  the  height  F  Ji  =  AC;  without  confidering  the  retardation  which  the  external  inequali-. 
ties  of  the  tube  L  C  QJC  muft  produce. 

*  Calix  dcrexus  amplius  rapit.  Frontim  de  aquaedu£V«  Art.  36.  See  alfo  the  Pneumatics  of  Hero,  In  tht 
tnaihem.  vet.  cd.  1693,  page  157, 

t  Mouvemcnt  des  eaux,  part.  3,  difc.  2» 

t  Epift.  hydroQatic.  Opcr.  torn.  i.  page  21 1. 

§  When  I  fpeak  of  the  form  of  the  contradlcd  vein,  1  aK^'ays  mean  to  cxprefs  {tie  conoid  formed  by  the  fluid 
iTuing  from  an  orifice  througli  a  thio*pIate. 
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178  Experiments  on  the  lateral  Comfnunuatlon  tf  Motion  in  Fluids. 

Experiment  IX.  i.  The  orifice  P  (fig.  1)  through  a  thin  plate  is  circular,  and  18  lines  in 
diameter.  The  charge  of  fluid  above  the  centre  of  the  orifice  is  40  inches.  Four  cubic  feet 
of  water  were  emitted  in  38  fcconds. 

2.  To  the  orifice  P,  fig.  i,  I  applied  the  tube  A  C  D,  fig.  4,  the  upper  end  of  which  A  G 
had  the  form  of  the  contrafted  vein.  The  diameter  at  A  was  18  lines  in  length,  AD  31 
inches,  and  thefituation  of  the  tube  horizontal.  The  expenditure  of  four  cubical  feet  was 
made  in  48  feconds. 

3.  The  fame  orifice  and  the  fame  tube  were  applied  to  the  horizontal  bottom  of  the  re- 
fervoir  fig.  7,  fo  that  the  tube  was  vertical,  and  A  C  =  40  inches,  or  the  height  of  the  charge 
in  the  two  former  experiments*  The  four  cubic  feet  flowed  out  in  48  feconds,  as  in  the 
fecond  experiment. 

Experiment  X.  The  laft  defcribed  experiment  was  repeated  with  a  circular  aperture  of 
1 1,2  lines  in  diameter.  The  extremity  A  C,  of  the  tube  fig.  4,  had  the  form  of  the  con-^ 
trailed  vein  j  the  end  A  having  the  fame  diameter  as  that  of  the  orifice.  The  other  cir- 
cumftances  were  as  in  the  preceding  cafes.  In  the  difpofition,  according  to  the  firft  cafe 
four  cubical  feet  of  water  flowed  out  in  98  feconds;  in  the  fecoad  cafe  the  time  was  130 
feconds  ;  and  in  the  third  cafe  129  feconds. 

In  each  of  thefe  two  experiments  the  tubes  and  the  expence  of  water  were  the  fame  for 
the  fecond  and  the  third  cafes  ;  whence  it  follows,  that  the  force  by  which  the  expenditure 
was  governed  was  the  fame  in  both  cafes.  Now  the  force  which  a£ls  in  the  fecond  cafe  is  die 
fame  as  in  the  firft ;  and  confequently  the  fame  force  like  wife  a^s  in  the  firft  and  third  cafes* 
All  the  diflTerence  of  the  refult  between  the  firft  cafe  and  the  two  following  arifes  from  the 
retardation  produced  by  the  inequalities  of  the  internal  furface  of  the  tubes* 

Experiment  XI.  The  height  A  B,  fig.  7,  being  cofiftantly  32,5  inches,  and  the  orifice  B  O 
18  lines  in  diameter,  the  tube  B  O  C  Q^was  applied  to  the  orifice  itfelf,  the  fuperior  extremity 
of  this  tube  having  the  form  of  the  contrafted  vein.  When  the  length  of  the  tube  was  varied^ 
the  times  of  the  efilux  of  four  cubic  feet  of  water  were  as  in  the  following  table. 


'/' 


Length  of  the  tube 
B  C  in  inches. 


3 
12 

24 


Time  of  efflux  of 
four  cubic  feet  by 
experiment. 


41'' 

35 


'/ 


Time  according  to 
the  theory  with- 
out confidering  the 
retardation. 

40" 

3l«2 


Difference  between 
the  theory  and  ex- 
periment. 


1" 


Retardations  com- 
puted from  the 
following  experi- 
ment. 


i".3 


3fU 

5". 


The  fifth  column  of  this  table  is  calculated  from  the  proportion  of  retardation  produced  by 
the  irregularities  of  the  internal  furface  of  the  tubes.  Citizen  Boflut  has  obferved,  that  tbefc 
retardations*  increafe  rather  in  a  lefs  ratio  than  the  velocity  of  the  ftream.  This  is  perhaps 
the  reafon  of  the  diiFerence  obferved  between  the  fourth  and  fifth  columns. 

Experiment  XII.  I  applied  to  the  orifice  P,  fig,  i,  the  feme  tubes  as  in  the  foregoing  expe- 
riment on^  after  another  in  an  horizontal  fituation,  the  height  of  the  charge  being  conftant** 


*  Hydrodyn.  An.  622, 
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'y  35>5  inches  above  the  centre  of  the  orifice.     The  times  of  etniflion  were  s 
lowing  tabic. 


<7» 

;  in  the  firf- 


Ltn^ih  of  the  ■uut 
B  Cm  inches. 

Time  of  L-fltuK  o' 
four  cubic  feet. 

Dilfcrences. 

0 

3 

12 

41" 
42' .J 

11" 

0 
4 

7" 

[  mufl  hereobferve,  that  the  vifciJicy  or  mutual  adhefion  of  t!ie  pirticles  of  the  water"  is 
•f  very  Utile  confequence  to  the  increafe  of  exiienditurc  through  the  orifice  B  O,  fig.  7,  by 
the  additional  tube  BC-  For  as  Toon  as  a  fmall  hole  is  opened  at  K  the  iiicrcafe  of  expendi- 
ture dlminifijes  or  entirely  ceafcs,  and  the  fluid  is  no  longer  continuous  in  the  tube. 

We  will  now  return  to  tubes  in  the  horizontal  and  afcending  filuations. 
i;  To  be  continued.  ] 


VIII. 

Exptrimints  and  Obfervatkns  en  the  EffeB  of  Annealing  a  Plate  of  Metal,  con/ifting  efjine  or 

(ilhyed  Gold,   with  one  i-wenty-fiurth  Part  of  Tin.     By  MaTTHEW  TiI.L£T. 

l_  Concluded  from  p?ge  141.  ] 

1  HESITATED  to  ufe  my  gold  of  34  carats,  from  the  juft  fear  I  had  that  it  would 
lofe  the  advantage  of  being  the  duftile  of  metals,  «nd-»feat  I  could  not  reftore  this  property 
but  by  the  method  of  parting.  For  this  rcafon  I  determined  to  begin  my  experiments  on  a 
more  decifive  fcale  than  the  former,  upon  gold  of  22  carats,  or  alloyed  with  Tilh  part  of 
copper.  In  this  manner  I  fhould  repeat  fome  of  the  experiments  related  by  Mr.  Akhorne, 
from  which  he  has  conflantly  inferred  that  tin,  mixed  in  a  certain  proportion  with  gold  of 
ihis  fame  finencfs  of  22  carats,  does  not  deprive  it  of  its  duflility. 

I  therefore  alloyed  I  gros  2+  grains  of  tin  taken  from  the  ingot  deprived  of  arCsnlc, 
which  I  have  mentioned,  with  4  ounces  of  gold,  the  finencfs  of  which,  namely  22  carats, 
was  perfe£lly  welt  afcertained.  Thefe  two  metals,  reduced  into  fmall  pieces,  were  mixed 
together,  put  into  a  crucible,  and  urged  by  the  llrong  heat  of  a  forge  with  two  pair  of  bel- 
lows. When  their  fufion  appeared  to  be  complete,  I  poured  the  metal  into  a  fmall  ingot- 
mould  proportioned  to  the  quantity. 

The  ingot  thus  obtained  had  loll  fcarcely  any  thing  of  the  weight  of  the  two  metals  that 
compofed  it,  which  was  a  proof  that  the  tin  had  united  and  incorporated  with  the  four 
ounces  of  gold.  But  on  attempting  to  bend  the  ingot,  which  was  about  fix  inches  long 
and  not  more  than  two  or  three  lines  thick,  1  remarked,  contrary  to  the  nature  of  gold  of  22 
carats,  that  it  was  rigid,  and  would  have  required  a  confiderable  effort  to  give  it  any  degree 

*  Gravcfande  and  otheit  have  attributed  the  increafe  of  expenditure  throujjh  dclcecding  tubci,  to  die  natural 
cohffion  of  the  panidei  of  water.    V. 
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of  curvature,  or  bring  it  to  the  flexibility  it  would  liave  poflefled  if  no  tin  had  entered  into 
its  compofition.  Hence  I  clearly  faw,  that  this  rigidity  announced  a  diminution  of  its 
du£lility  J  that  the  interpofition  of  a  fubftance,  which  was  foreign  to  the  gold,  and  inca- 
pable by  its  nature  of  maintaining  the  cohefion,  was  the'  caufe  of  this  want  of  flexibility  ; 
and  that  it  could  be  attributed  only  to  the  tin,  becaufe  copper  alone,  mixed  with  fine  gold, 
though  it  gives  a  greater  degree  of  hardnefs  and  rigidity  than  it  befcjre  poflcfled,  deprives  it 
of  very  little  of  its  dufkility. 

After  this  firft  obfervation  on  the  (late  of  the  ingot  aflbrded  by  the  experiment,  I  came 
to  the  more  decifive  proof  by  hammering,  particularly  with  the  edge  of  the  hammer,  in  or- 
der that  the  bar  might  be  lengthened,  and  by  that  means  fubmitted  to  the  mod  decilive 
proof.  I  did  not  obferve  during  the  continuation  of  this  procefs,  till  the  bar  was  reduced 
to  about  two-thirds  of  its  firft  thicknefs — I  did  not  obferve,  I  fay,  that  its  edges  were 
xracked,  or  ediibited  much  of  the  appearance  of  brittlenefs ;  but  as  I  was  apprehenfive 
that  this  accident  might  happen  by  too  long  hammering,  I  divided  the  bar  by  cutting  oflF 
the  part  which  had  been  hammered  out.  This  part  was  placed  in  the  midft  of  lighted 
charcoal,  in  order  that,  by  a  moderate  annealing,  it  might  recover  the  ftate  of  malleability 
it  pofleflcd  before  it  was  hammered. 

But  when  I  went  to  take  it  out  of  the  fire,  where  it  had  undergone  no  greyer  heat  than 
a  cherry-red,  I  found  it  divided  into  two  parts.  After  having  fufFered  thefe  to  cool,  I 
forged  them  again.  They  were  extended  with  confiderable  eafe,  though  with  fome  cracks 
at  the  edges ;  but  they  did  not  yet  fatisfy  the  whole  of  my  enquiries.  I  therefore  annealed 
one  of  the  two  laft-mentioned  pieces  a  fecond  time,  and  refcrved  the  other  in  its  hard 
hammered  ftate  to  be  paflled  between  the  laminating  rollers*  The  annealed  part,  which 
might  have  the  thicknefs  of  about  a  fliilling  (piece  de  douze  fols),  broke  in  the  fire,  though 
the  heat  was  very  gentle,  into  four  or  five  portions.  The  longeft  of  thefe  portions,  which 
beft  refifted  the  a^ion  of  the  fire,  bent  and  twifted  itfelf,  and  (hewed,  by  this  ftate  of 
ftrong  contraction  in  different  direftions,  that  it  had  tended  to  break  and  become  divided 
into  fmali  portions  fimilar  to  thofe  which  had  already  feparated  from  it. 

This  accident  gave  me  reafon  to  fufpe£l  that  the  afhes,  upon  which  I  had  annealed  the 
plate  of  gold  which  broke  in  pieces,  might  alfo  contain  certain  portions.  I  was  not  de- 
ceived ;  for  the  a(he8  being  carefully  wa(hed  left  three  or  four  fragments  which  the  ignited 
coals  had  prevented  from  being  feen. 

It  has  been  remarked,  that  I  referved  one  of  the  two  parts  of  the  portion  of  the  ingot 
which  I  had  forged  a  fecfond  time,  and  that  I  had  kept  it  in  its  hammer-hardened  ftate.  I 
could  not  doubt,  after  the  laft-recited  experiment,  that  any  attempt  to  anneal  this  portion^ 
even  by  the  moft  moderate  heat,  would  be  attended  with  the  fame  confequence,  namely^ 
that  it  would  break  in  pieces.  I  therefore  determined  to  extend  it  ftill  more  between  the 
f  rollers,  fetting  them  up  very  gradually  in  order  that  the  fra£lure,  if  it  (hould  take  places 
might  be  principally  owing  to  the  brittlenefs  of  the  material,  and  not  to  the  force  of  com* 
preffion  to  which  it  was  fubje£ted.  By  this  management  I  fucceeded  in  extending  the  ' 
metal  to  double  its  length  notwithftanding  its  hardnefs.  In  this  manner  it  was  rendered 
as  thin  as  ftrong  paper  j  though  it  muft  be  confefTed  that  the  edges  were  cracked  through 
their  whole  length  like  the  teeth  of  a  faw.  But  this  accident  is  not  at  all  furprifing,  when 
it  is  confidered  that  gold^  though  alloyed  fimply  with  copper^  whatever  may  be  the  caufe^ 

*      does 
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does  not  pofTcfi  its  ufual  dottility,  particularly  when  it  is  laminated  very  thin  without  re- 
peated annealing  as  the  metal  becomes  hard. 

It  might  be  prefura^d,  in  reflecting  on  the  experiment  I  have  related,  that  the  frafture 
oFtJic. pieces  of  gold  was  owing  to  an  incomplete  fufion  or  unequal  mixture  of  the  two  me- 
tals. I  was  aware,  from  this  notion,  that  it  was  proper  to  meit  the  ingot  over  again  with 
all  the  parts  which  had  been  feparated  from  it,  and  to  neglect  no  precaution,  after  well 
mixing  it,  that  it  fiiould  be  poured  out  in  perfeiS  fufion.  At  the  moment  this  ftate  of  fc- 
Con  was  obtained,  I  threw  a  fmall  quantity  of  calcined  borax  upon  the  metal,  in  order  that 
its  furface  might  become  clear,  and  every  foreign  fubltance  might  be  carried  to  the  circum- 
ference. No  otiier  confequencc  could  arife  from  this  ufe  of  borax  than  a  greater  foftnefs 
in  the  compound,  and  confequently  lefs  rilk  of  its  breaking  when  it  came  to  be  fubjeded  to 
the  hammer. 

All  my  precautions  were  ufelefs.  I  forged  one  end,  which  was  lengthened  very  well 
without  any  perceptible  crack  ;  but  the  extremity  of  this  ingot,  afterwards  reduced  to  a 
fmall  thicknefs  and  expofed  to  the  annealing  heat,  became  divided  into  feveral  parts,  the 
longed  of  which  was  contorted,  and  would  no  doubt  have  broken  if  the  heat  had  been 
Aronger,  or  continued  for  a  greater  length  of  time- 
Though  the  experiment,  of  which  I  have  related  the  refult,  on  the  mixture  of  one  part  of 
tin  and  34  parts  of  gold  of  22  carats,  might,  in  (Irifhiefs,  have  been  fuHicient  to  prove  that 
this  alloy  deprives  gold  of  great  part  of  its  duflility,  and  expofes  it,  while  annealing,  tp  an  ' 
accident  which  aniits  would  fcarcely  be  able  to  avoid,  from  the  necclfity  they  arc  under  of 
continually  reftoring  the  malleability  of  the  gold  tliey  work,  by  annealing  it  after  it  has  be- 
come hard  under  the  hammer ;  I  neverihelefs  thought  it  proper  to  lay  afide  the  objection  I 
had  to  deprive  my  fine  gold  of  its  duciility,  which  could  not  be  reftored  but  by  a  new  part- 
ing eflay,  and  to  repeat  the  experiment  by  ufing  gold  of  24  carats  in  fuch  a  quantity  that 
my  operation  might  be  compared  with  that  of  Mr.  Alchorne,  from  which  chiefly  he  has 
drawn  his  conclufion. 

I  therefore  employed  6  ounces  of  fine  gold  and  2  gros  of  tin  for  this  new  experimeni. 
The  firft  of  thefc  metals  was  divided  into  a  great  number  of  pieces,  and  I  had  included  the 
two  gros  of  tin  in  two  leaves  of  gold  taken  from  the  6  ounces,  rolled  out  very  thin,  and  fo 
flexible,  after  annealing,  that  they  perfectly  enveloped  the  tin.  After  having  put  one  part 
©f  the  gold^at  the  bottom  of  a  fmall  crucible,  I  placed  the  tin  wrapped  up  iu  gold  upon  it, 
and  over  this  I  put  the  remainder  of  the  gold. 

When  the  whole  of  the  two  metals  was  in  perfefl  fufion,  I  poured  them  fpecdily  into 
an  ir-got  mould,  which  I  had  before  ufcd,  and  obtained  an  ingot  rather  longer  and  cleaner 
than  the  two  former. 

As  foon  as  it  was  cold,  I  forged  one  of  its  extremities  with  the  edge  of  the  hammer. 
It  was  lengthened  without  any  perceptible  crack;  and  wTien  it  was  reduced  to  the  thickners 
of  one  line,  or  thereabouts,!  cut  it  off"  for  fcparate  treatment.  By  moderate  annealing  it  main- 
tained its  integrity  ^  and,  with  the  exception  of  a  few  cracks,  it  paQed  the  laminating 
rollers  without  breaking.  As  I  was  fearful,  neverthelcfs,  that  it  might  break  in  fame  part  if 
I  continued  to  laminate  it,  I  gave  it  a  flight  annealing.  It  had  fcarcely  acquired  a  cherry 
rednefs  between  the  charcoal  before  it  broke  into  five  or  fix  parts,  fome  of  which  were 
fimply  bended  or  twlflcd,  and  others  Sat  as  they  quitted  the  rollers.  Among  the  annealed 
6  pieces 
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'  pieces  of  this  extremity  of  the  ingot,  there  was  one  fufficiently  long,  though  a  little  curled^ 
which  I  laminated  a  fecond  time,  with  the  determination  of  rendering  it  very  thin  without 
the  lead  annealing.  It  acquired  at  lead  double  the  length  it  had  at  firft  without  breaking ; 
ai)d,  if  we  except  the  two  fides  of  this  plate  which  were  cracked,  the  body,  or  main  piece, 
was  entire.  It  was  fpongy,  and  might  be  confidered  as  if  formed  out  of  an  ingot  of  com- 
mon gold  containing  no  tin,  but  not  poffenfing  the  whole  of  its  natural  du6lility. 

Ic  follows,  from  thefe  experiments,  that  gold,  whether  fine  or  alloyed,  when  perfeflly 
fufed  with  a  fmall  portion  of  the  fined  tin,  acquires  rigidity  and  hardnefs  by  the  mixture; 
that  it  lofes  fomewhat  of  its  didinguifhing  colour;  and  that  it  may,  indeed,  by  careful  mat* 
nagement,  be  extended  to  a  certain  degree  by  the  hammer,  or  dill  better  by  the  rollers;  but 
that,  as  it  cannot  be  annealed  without  danger  of  breaking,  it  is  by  this  defeft  deprived  of 
the  eflcntial  advantage  of  recovering  its  original  foftnefs  after  it  has  been  droiigly  hammer 
hardened.  It  is  not  but  by  careful  management  in  the  ufe  of  the  hammer,  and  by  frequent 
annealing,  that  artids  employed  on  works  of  gold  and  filver  fucceed  in  obtaming  them 
without  cracks,  and  bringing  them  to  a  date  of  pcrfe£lion,  without  being  obliged  to  have 
recourfe  to  folder  to  repair  the  defefts  which  exceflive  hardnefs  under  the  hammer  would 
occafion.  How  much,  therefore,  ought  gold-workers,  who  continually  have  this  metal  in 
their  hands,  to  be  attentive  to  prevent  the  introduftion  of  tin  in  their  workfliops,  and  never 
to  employ  fuch  compounds  of  gold  as  are  fubjefl:  to  break,  or  even  to  warp,  while  annealing! 
The  expence  of  refining,  which  they  would  pay  for  depurating  fuch  compounds,  would  be 
of  lefs  confequence  to  them  than  the  lofs  of  time  required  for  the  careful  management  of 
fuch  gold  contaminated  by  tin,  even  if  they  did  fucceed  in  ufing  it,  and  were  not  often  forced 
to  abandon,  after  much  labour,  a  work  nearly  fini(hed. 

I  do  not  doubt  but  that  Mr.  Alchorne,  if  he  had  carried  his  experiments  further,  or  had 
cenddered  them  with  regard  to  the  methods  of  gold^workers,  who  frequently  expofe  to  the 
fire  fuch  pieces  as  they  propofe  to  raife  or  fafliion  according  to  their  defigns  ;— I  do  not 
doubt,  I  fay,  but  that  Mr.  Alchorne  would  have  cautioned  artids  againd  the  accidents  ta 
which  gold  alloyed  with  tin  is  fubjefk^while  annealing.  He  has  obferved  a  degree  of  duc« 
tility  in  this  matter,  and  has  not  prefumed  that  it  might  be  taken  away  by  means  of  firei 
^  which,  on  the  contrary,  redores  to  mod  metals  their  flexibility  and  facility  of  working. 

The  opinion  which  has  hitherto  been  maintained  refpediing  the  danger  of  a,  very  (mail 
alloy  of  tin  with  gold  is  therefore  well  founded.  In  faft,  it  mud  have  been  difficult  for  fuch 
an  opinion  to  have  prevailed  without  foundation,  when  a  multitude  of  artids  arc  in  a  fitua- 
tion  to  verify  the  faft,  and  mud  be  immediately  druck  with  the  brittlenefs  of  fuch  gold^ 
and  be  mod  drongly  intereded  to  difcover  its  caufe. 

This  example  of  an  opinion  generally  received  and  fupported  on  conflant  fafls,  which 
the  greater  number  of  artids  have  rather  adopted  than  examined  ;  this  example  proves  that 
we  ought  not,  without  the  greated  caution,  to  attack  fuch  received  notions,  particularly 
when  as  in  the  prefent  cafe  it  is  in  no  refpefl  hurtful,  and  only  tends  to  render  the  work<^ 
men  more  cautious  in  the  ufe  of  the  mod  valuable  of  metals. 

The  experiments  of  Mr.  Alchorne  have  long  remained  upon  record  in  the  Philofophical 
Tranfaftions,  and  have  by  that  means  acquired  a  fandion  which  demands  a  greater  degree 
pf  attention.  I  have  had  no  other  aim  in  repeating  them,  and  exliibiting  an  eflential  depeii- 
daut  faa  not  mentioned  by  that  flciiful  affayeri  than  to  give  ufeful  information  to  artiftg, 

and 
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and  contribute  to  the  certainty  of  their  operations.  I  think  this  purpofe  will  be  anfwcrcd, 
by  leaving  them  in  pofleflion  of  all  the  apprchehfion  they  have  hitherto  entertained  refpeft- 
ing  the  mixture  of  tin  with  gold. 

If  it  (hould  be  thought  that  my  experiments  may  not  be  as  conclufivc  as  at  firft  fight 
they  appear,  they  will  at  leaft  produce  no  other  effeft  than  that  of  giving  artifts  fome  ufe- 
lefs  trouble.  They  will  with  reafon  attend  to  them,  howevet  fuperfluous  they  may  be 
fuppofed,  and  will  prefer  the  care  I  recommend  to  the  anxiety  of  working  upon  materials 
rendered  fufpicious  by  their  harfhnefs,  and  fappofed  to  be  incapable  of  annealing  on  ac- 
count of  their  containing  tin. 

If  it  be  allowable  to  form  fome  conjectures  on  the  fra£ture  of  plates  of  gold  containing 
tin,  when  fubjefted  to  the  annealing  heat,  it  may  be  prefumed,  that  the  tin,  which  very 
fpeedily  melts,  while  the  gold  requires  a  very  ftrong  heat  for  its  fufion — it  may  be  pre- 
fumed, I  fay,  that  the  parts  of  the  tin  intermixed  in  a  fort  of  proportional  equality  with 
thofe  of  the  gold,  tend  to  feparate  by  a  fpeedy  fufion  and  at  a  very  gentle  degree  of  heat ; 
that  they  remain  without  confidence  between  the  parts  of  the  gold,  while  the  latter  pre- 
ferve  the  whole  of  their  folidity,  and  do  not  lofe  it  even  by  the  annealing  heat ;  whence  it 
feems,  that  the  parts  of  the  precious  metal,  when  ignited  among  the  coals,  having  no  longer 
the  folid  connedlion  formed  by  the  tin,  but,  on  the  contrary,  having  an  infinite  number  of 
fmall  cavities  occupied  by  particles  of  that  metal  in  fufion,  mufl  tend  to  difunion;  whereas 
the  fame  accident  does  not  take  place  in  the  pieces  which  have  refifted  the  annealing,  and 
have  been  laminated  after  cooling,  becaufe  the  particles  of  tin  have  become  folid  by  coc^lng^ 
and  have  recovered  their  original  (late  of  union  with  the  gold. 

This  fra£lure  of  the  compound  does  not  take  place  with  an  alloy  of  gold  and  copper,  for 
an  oppofite  reafon  to  that  which  has  here  been  explained  ;  namely,  becaufe  thefe  two  me- 
fals  require  nearly  the  fame  heat  for  their  fufion.  The  eflFe£k  of  annealing  being  therefore 
jCqual  upon  both,  the  metals,  notwithftanding  this  treatment,  preferve  their  natural  con« 
fiftence,  even  though  the  heat  be  carried  near  the  point  of  fufion* 

In  fupport  of  the  opinion  I  have  prefented,  refpe^ing  the  fra<^ure  of  thefe  plates  of  gold, 
I  mufl  obferve  that,  by  examining  their  furfaces  under  the  microfcope,  a  great  number  of 
particles  of  tin  may  be  diftinguiflied,  which  appear  to  be  difengagcd  from  the  pores  of  the 
gold ;  that  thefe  furfaces,  being  applied  by  an  annealing  heat  to  a  plate  of  iron  or  filver^- 
adhere  ftrongly  by  virtue  of  thefe  particles  of  tin  •,  that  they  cannot  be  feparated  but  with 
difficulty,  and  even  tear  up  fome  flight  portions  of  the  metal  on  which  they  were  annealed 
when  they  are  fo  feparated. 

I  (hall  conclude  thefe  details,  into  which  the  fubje£t  of  my  experiments  has  forced  me  to 
enter,  by  remarking  that  the  plates  of  gold  here  fpoken  of  may  be  kept  entire,  when  annealed, 
on  a  flat  plate  of  metal,  on  whkh  they  may  remain  fupported  till  cold;  whereas,  if  placed 
on  ignited  charcoal,  they  frequently  bend  or  twift,  and  are  fubjeA  to  break,  particularly  if 
an  attempt  is  made  to  take  them  out  with  the  tongs  in  their  ignited  ftate. 
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IX. 

On  the  Kmnvledge  of  the  Ancients  refpeEting  Gravity.    Bj  a  Cerrefpondent. 

X  H  E  rerpc<aable  publi(hcr$  of  the  "  Journal  of  Natural  Philofophy,  Chemiftry  and  th« 
Arts,"  are  defired  to  fubmit  to  the  infpcaion  of  its  ingenious  Author  the  following  obfer- 
vations  relative  to  a  Note  at  page  85  of  the  15th  Number.  (Vol.  IL) 

"  In  thetreatife  of  *  Plutarch  De  Placitis  Philofophorum/  occurs  no  paflage  referring  to 
the  Vibration  of  a  body  through  the  centre  of  the  earth  to  the  antipodes,  and  to  the  reten« 
tion  of  the  moon  in  its  orbit  by  the  combination  of  the  proje£lile  and  gravitating  forces.' " 

The  paffage  alluded  to  is  probably  in  the  treatife  "  De  Facie  quse  in  Orbe  Lunas  ap- 
parct ;"  but  there,  fo  far  from  proving  a  gravitating  force,  the  abfurdity  of  the  fuppofition  is 
endeavoured  to  be  (hewn. 

£d.  Oxon.— 8vo.  T.  iv*  §  ^.  ^i\offofnv  h  wi  mMHreoVi  av  ra  trafoibia  trafofoidi^  ofAuvtcicu  09" 
TMvratj  KM  fjLAxo/Mvoi  vfo^  Ta^aufiaaiaTm  ioyfiatuv»  arozuTBfa  uou  ^cwfAOffMTB^a  mharlociv  uavtp 
HTOi  rrtf  tm  to  /juaov  fogav  u^aysatv.    'H,  rt  va^ai^oiov  iit  tvtrtv  ;  Oi/xi  mv  ynv  afcufaf  tivcu,  mxt- 
Hcuna  fiaOn  hoi  v^  km  avufjtaTuai  sx>i(rav ;  Oim  avri^o^otf  oucuvj  nwt^  ^f i^o;,  u  ya^r«Taf,  rpcntirrm' 
a9u  ra  Kara  rfi  yvi  vpoiirxot^wii  fifjtoi  &  avlni  /c«n  Vfo^  o^Boi  ptSnKolagj  aXKa  vXaytou(  esr^^vcif 
Ofjrwtwvroif   tiv'irtf  01  pLt^orreg ;    Ou  fUfipHs  x^^^oloKavlHi  ^la  &aBui  mi,  FviS  ^cf o^unvf ,  6la»  tiiMwRoi 
«-f  0;  TO  fAtffOVf  iraa^  /joi^svog  wjranwShij  fArft  virtptiiono§ ;  %ih  fvian  uena  figofisvoi  to  fuaov  wsg* 
Coxxoiev,  avOif  omaa  rfsfea^  km  oMKOfMrltiv  av*  ayh)v>    Thus  tranflated  by  Philemon  Hol- 
land—^^  But  we  ought  not  to  give  ear  unto  philofophers,  if  they  would  maintain  ftrange 
^*  paradoxes  by  other  pofitions  as  abfurd,  or,  to  confute  admirable  opinions,  devife  others 
^  much  more  extravagant  and  wonderful,  like  as  thefe  here  who  broach  and  bring  in  a 
*<  notion,  forfooth,  tending  unto  a  middle,  wherein,  what  abfurdity  is  there  not  ?  Hold 
^  not  they  that  the  earth  is  as  found  as  a  ball,  and  yet  we  fee  how  many  deep  profunditieS| 
*^  haughty  fublimities  and  manifold  inequalities  it  hath  ?  Affirm  not  they  that  there  be  an-* 
^*  tipodes  dwelling  oppofite  one  unto  another,  and  tbofe  (ticking  as  it  were  to  the  fides  o£the 
<<  earth  with  their  heels  upward  and  their  head  downwards  topfy  turvy,  like  unto  thefe  wood- 
*'  worms  or  cats  (r.  newts)  which  hang  by  their  (harp  claws  ?  Would  not  they  have  even  us  alfo 
^  that  are  here,  for  to  go  upon  the  ground  not  plumb  upright,  but  bending  or  inclining  fide- 
^  long,  reeling  and  daggering  like  drunken  folk  ?  Do  they  not  tell  us  tales,  and  would  make 
^  us  believe,  that  if  bars  and  mafles  of  iron  weighing  a  thoufand  talents  a  piece  were  let  fall 
•*  down  into  the  bottom  of  the  earth,  when  they  came  once  to  the  middle  centre  diereof, 
*<  will  flay  and  reft  there,  albeit  nothing  elfe  cameagainft  them  nor  fuftained  them  up  i  And 
<'  if  peradventure  by  fome  forcible  violence  they  ihould  pafs  beyond  the  faid  midft,  they 
*<  would  foon  rebound  back  thither  again  of  their  own  accord  ?" 

So  true  is  the  obfervation  of  Cleomedes,  that  thofe  among  the  ancients  who  treated  .of 
natural  philofophy  were  much  confufed,  and  on  this  head  greatly  erred,  not  being  able  to 
tlifcern,  that  fince  the  world  was  of  a  fpherical  figure,  the  centre  muft  of  neceflity  be  inferior 
to  every  part  of  it — m  h  Xoi'srai  o'x^o^e  ^oXXw  TcapBcxov  rapaxnv  roig  'vcO^iortpoig  rav  futrmm^-^oy 
fc/vuSfvTwv  smm(raii  on  tv  ra  KoafJMj  c(paipiHa  t«  ax'^f^'^^  ov7i,  Karoi  fAtv  aTfO  votviof  atmt^  to  fito'MreiHov 
tiyoi  avarteuov.    De  Meteoris,  ed.  Balforei|  160 Sy  P*  9* 

Rtmarh 
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Remarii  on  the  prftedi'ig  CommunicotUn. 
UPONconfuliing  the  original,  tn  which  1  referred  by  memory,  iii  the  note  at  psgeS;  of 
ihc  prefeiit  volume,  I  perccivi  ihal  both  the  pafTiges  alluded  to  ate  in  theireatife  Ds  Facie 
in  Orbc  Lunx.  1  was  mifleJ  by  another  obf-ure  pjflj^e  in  the  iliitil  book  De  I'l  iciiis 
Phitofophorum,  under  the  tii'e  rTr/i  >ii»ii?riiif  t"!  (V.  whetc  it  is  faid  that  I'hiloijui  the  Pytlii- 
gorcan  held  that  the  earth  rcvoUts  in  an  orbit  (ait^r  to  wwf)  around  the  fire,  anJ  that 
Heractidcs  of  Pontus  and  Ecphanlus  the  Pythagorean  attributed  molion  to  the  earth,  iiat 
progreflive,  but  nitatory,  from  well  to  caR.  I  did  rot,  as  my  learned  corrcfpordent  fsems 
to  intimate,  pretend  to  f.iy  that  either  Plutnrch  or  the  fpeakers  in  his  trcaiifc  exhib'tcil  t'.ie 
dodrincs  of  the  gravitating  and  prijcflil:  forces,  us  being  vvoithy  of  adopiion.  My  implied 
argument  was,  that  fincc  they  are  extant  in  a  pafijge  of  fume  length,  there  were  in  hSt  phiin- 
fophers  among  the  ancients  who  had  maintained  and  developed  them  ;  though,  from  a  variety 
ofwell- known  caufes,  this  doiSrine  remained  without  dillin£tion  among  other  ill-digcftcil  or 
falfe  fyftcmf.  The  combination  of  thcfc  forces  in  the  moon,  which  occurs  In  (he  pjra<;ra)ih 
to  which  Thco  replies,  in  my  currcfponJcm's  qjotaiion,  isKouToi  td  ^ei-  mAhto  gowSEia  w/ofTp^i 
vtirti*,  1  nivnaii  etuni  *^i  to  pidihq  ms  vtpatyamf  £l<jvif,  Se<.  "  But  the  moon  is  prevented  fnini 
•*  falling  by  its  motion,  and  the  violence  of  its  revuiuiion ;  as  bodies  placed  in  a  fling  aiiJ 
*'  whirled  round  do  not  drop  out.  For  every  body  will  be  carried  according  to  its  natural 
"  motion,  if  not  diverted  by  fomc  other  caufe.  The  moon  is  not,  therefore,  carried  in  the 
*'  direction  of  (or  byj  its  weight,  becjufe  its  circular  motion  oppofes  this  tendency," 
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Afiirt  Mnirak^.cal  Defcriptm  cf  tkt  Maintain  of  Gibraltar.     By  Hijor  lAiniS*. 

i  H  E  mountain  of  Gibraltar  is  filuated  in  Jft^g'  north  latitude,  and  in  j"  17' cad  longitude 
1  Greenwich.  It  is  the  promontory  which,  wiih  that  of  Ceuta  upon  the  oppolitc  coalt 
of  Barbary,  forms  the  entrance  of  the  ftriiis  of  Gibraltar  from  tlic  Mediterranean ;  and 
Europa  Point,  which  is  the  part  of  the  mountain  that  advances  moft  towards  Africa,  is 
generally  regarded  as  the  moft  fnuthera  piomontory  in  Europe.  The  form  of  this  moun- 
tain is  oblong  ;  its  fummit  a  (harp  craggy  ndgc ;  its  dtredion  is  nearly  from  north  to  fouth  1 
and  its  grealeft  length  in  that  direiflion  falls  very  lictle  (hort  of  three  miles.  Its  breadth 
varies  with  the  indentations  of  the  fhorc,  but  it  no  where  exceeds  three  quarters  of  a  mile, 

I  The  lii«  of  its  ridge  is  undulated,  and  the  two  extremes  are  fomewhat  higher  than  its 
centre. 
The  fummit  of  the  Sugar-loaf,  which  is  the  point  of  its  greatcft  elevation  towards  the 
foiiih,  is  1 439  feel ;  the  Kock  Mortar,  which  is  the  highcft  point  to  the  north,  is  1 350  j  and 
the  Sighal-houfe,  which  is  nearly  the  central  point  between  ihefe  two,  is  1276  feet  abovs  the 
level  of  the  fea.  The  wefiern  fide  uf  the  mi.untain  is  a  feries  of  rugged  dopes,  interfperfed 
with  abrupt  precipices.  Its  northern  extremity  is  pcrfeiPily  perpendicular,  except  towards 
4he  north-weft,  where  what  are  called  the  Lines  intervene,,  and  a  narrow  paffage  of  flit 
•  TraafeflkHW  of  the  Roy.il  Sociciy  of  Ediuburgh,  iv.  191, 
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ground  that  leads  to  the  ifthmus,  and  is  entirely  covered  with  fortification.  The  eadern 
fide  of  the  mountain  moftly  confifts  of  a  range  of  precipices  ;  but  a  bank  of  fand  rifing  from 
the  Mediterranean  in  a  mpid  acclivity  covers^  a  third  of  its  perpendicular  height.  Its 
fouthern  extremity  falls  in  a  rapid  flope  from  the  fummit  of  the  Sugar-loaf  into  a  rocky  flat 
of  confu'erable  extent  called  Windmill-hill.  Thi;>  fiat  forms  half  an  oval,  and  is  bounded  by 
a  range  of  precipices,  at  the  fouthern  bafe  of  which  a  fecond  rocky  flat  takes  place  fimilar  in 
form  and  extent  to  Windmill-hill ;  and  alfo  like  it  furrounded  by  a  precipice,  the  fouthern 
exircmiry  of  which  is  wafhed  by  the  fca,  and  forms  Europa  Point.  Upon  the  weftern  fide 
this  peninfular  mountain  is  bounded  by  the  bay  of  Gibraltar,  which  is  in  length  nearly  eight 
miles  and  a  half,  and  in  breadth  upwards  of  five  miles.  In  this  bay  the  tide  frequently  rifes 
four  feet.  Upon  the  north  the  mountain  is  attached  to  Spain  by  a  low  fandy  ifthmus,  the 
grcateft  elevation  of  which  above  the  level  of  the  fea  does  not  exceed  ten  feet,  and  its 
breadth  at  the  bafe  of  the  rock  is  not  more  than  three  quarters  of  a  mile.  This  ifthmus 
Jcparates  the  Mediterranean  on  the  eaft  from  the  bay  of  Gibraltar  on  the  weft. 

This  mountain  is  much  more  curious  in  its  botanical  than  in  its  mineralogical  produ£tions. 
In  refpeft  to  the  firft,  it  conncfts  in  fome  degree  the  Flora  of  Africa  with  that  of  Europe. 
In  refpeft  to  the  latter,  it  produces  little  variety  ;  perhaps  a  few  fubftances  and  phenomena 
that  are  rare,  but  none  that  are  peculiar. 

The  principal  mafs  of  the  mountain  rock  confifts  of  a  grey  denfe  (what  is  generally  called 
primary)  marble ;  the  different  beds  of  which  are  to  be  examined  in  a  face  of  1350  feet  of 
p&rpendicular  height,  which  it  prefents  to  Spain  in  a  conical  form.  Thefe  beds  or  ftrata 
are  of  various  thicknefs,  from  20  to  upwards  of  40  feet,  dipping  in  a  direftion  from  eaft  to 
weft  nearly  at  an  angle  of  35  degrees.  In  fome  parts  of  the  folid  mafs  of  this  rock  I  have 
found  teftaceous  bodies  entirely  tranfmuted  into  the  conftituent  matter  of  the  rock,  and  their 
interior  hollows  filled  up  with  calcareous  fpar;  but  thefe  do  not  occur  often  in  its  compofU 
tion^  and  its  beds  are  not  fcparated  by  any  intermediate  ftrata. 

In  all  parts  of  the  globe  where  this  fpecies  of  rock  conftitutes  large  diftridls,  it  is  found 
to  be  cavernous.  The  caves  of  Gibraltar  are  many,  and  fome  of  them  of  great  extent. 
That  which  moft  deferves  attention  and  examination  is  called  St.  Michael's  Cave,  which  is 
fituated  upon  the  fouthern  part  of  the  mountain,  almoft  equally  diftant  from  the  Signal-tower 
and  the  Sugar-loaf.  Its  entrance  is  loco  feet  above  the  level  of  the  fea:  this  entrance  is 
formed  by  a  rapid  flope  of  earth  which  has  fallen  into  it  at  various  periods,  and  which  leads 
to  a  fpacious  hall  incrufted  with  fpar,  and  apparently  fupported  in  the  centre  by  a  large  mafly 
ftala£litical  pillar.  To  this  fucceeds  a  long  fcries  of  caves  of  difficult  accefs.  The  paflages 
from  the  one  to  the  other  of  thefe  are  over  precipices,  which  can  only  be  paflid  by  the  ai&ftl 
ancc  of  ropes  and  fcaling-ladders.  I  have  myfelf  pafled  over  many  of  thefe  to  the  depth  of 
300  feet  from  the  upper  cave  ;  but  at  that  depth  the  fmoke  of  our  torches  became  fo  difagree- 
ablc  that  we  were  obliged  to  give  up  our  purfuit,  and  leave  caves  ftill  under  us  unexamined. 
In  thefe  cavernous  receffes,  the  formation  and  procefs  of  ftaladtites  is  to  be  traced  from  the 
flimfy  quilt-like  cone,  fufpended  from  the  roof,  to  the  robuft  trunk  of  a  pillar,  three  feet  in 
diameter,  which  rifes  from  the  floor,  and  feems  intended  by  nature  to  fupport  the  roof  from 
which  it  originated. 

The  variety  of  form  which  this  matter  takes  in  its  different  fituations  and  diredions  renders 
this  fubterraneous  fcenery  ftrikingly  grotefque,  and  in  fome  places  beautifully  piflurefque. 
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The  ftalaflites  of  thefe  caves  when  near  the  furface  of  the  mountain  are  of  a  brownifli  yellow 
colour ;  but  as  we  defcended  towards  the  lower  caves  we  found  them  begin  to  lofe  their 
darknefs  of  colour,  which  by  degrees  (haded  off  to  a  whitifli  yellow. 

The  only  inhabitants  of  thefe  caves  are  bats,  fome  of  which  are  of  a  large  fize.  The  foil 
in  general  upon  the  mountain  of  Gibraltar  is  but  thinly  fown  ;  and  in  many  parts  that  thin 
covering  has  been  wafhed  off  by  the  heavy  autumnal  rains,  which  have  left  the  fuperficics 
of  the  rock  for  a  confiderable  extent  bare  and  open  to  infpcftion.  In  thofe  fituations  an 
obferving  eye  may  trace  the  efFefts  of  the  flow  but  conftant  decompoGtion  of  the  rock',  caufed 
by  iti  expofure  to  the  air,  and  the  corrofion  of  fea  falts,  which  in  the  heavy  gales  of  eafter- 
ly  winds  are  depofited  with  the  fpray  on  every  part  of  the  mountain.  Thofe  ^incovcred  parts 
of  the  mountain  rock  alfo  cxpofc  to  the  eye  a  phenomenon  worthy  of  fome  attention,  as  it 
tends  clearly  to  demonftratc,  that,  however  high  the  furface  of  this  rock  may  now  be  elevated 
above  the  level  of  the  fca,  it  has  once  been  the  bed  of  agitated  waters.  This  phenomenon 
is  to  be  obferved  in  many  parts  of  the  rock,  and  is  conftantly  found  in  the  beds  of  torrents. 
It  confifts  of  pot-like  holes  of  various  fizes  hollowed  out  of  the  folid  rock,  and  formed  ap- 
parently by  the  attrition  of  gravel  or  pebbles  fet  in  motion  by  the  rapidity  of  rivers  or  currents 
in  the  fea.  One  of  thofe,  which  had  been  recently  laid  open,  I  examined  with  attention.  I 
found  it  to  be  five  feet  deep  and  three  feet  in  diameter;  the  edge  of  its  mouth  roundcd'oiFas 
if  by  art,  and  its  fides  and  bottom  retaining  a  confiderable  degree  of  polifh.  From  its  mouth 
for  three  feet  and  a  half  down  it  was  filled  with  a  red  argillaceous  earth,  thinly  n>ixed  with 
minute  parts  of  tranfparent  quartz  crjftals :  the  remaining  foot  and  a  half  to  the  bottom 
contained  an  aggregate  of  water-worn  ftones,  which  were  from  the  fize  of  a  goofe*s  egg  to 
that  of  a  fmall  walnut,  and  confided  of  red  jafpers,  yellowifh  white  flints,  white  quartz,  and 
blueilh  white  agates,  firmly  combined  by  a  yellowifh  brown  ftala6litical  calcareous  fpar.  In 
this  breccia  I  could  not  difcover  any  fragment  of  the  mountain  rock,  or  any  other  calcareous 
matter,  except  the  cement  with  which  it  was  combined.  This  pot  is  940  feet  above  the 
level  of  the  fea. 

Upon  the  wefl  fide  of  the  mountain  towards  its  bafe  fome  ftrata  occur,  which  are  hete- 
rogenial  to  the  mountain  rock  :  the  firfl  or  highefl  forms  the  fegment  of  a  circle ;  its  con- 
vex  fide  is  towards  the  mountain,  and  its  flDpes  alfo  in  that  direftion.  This  flratum  confifts 
of  a  number  of  thin  beds  ;  the  outward  one,  being  the  thinneft,  is  in  a  flateof  decompofition, 
and  is  mouldering  down  into  a  blackifh  brown  or  ferruginous  coloured  earth.  The  beds 
inferior  to  this  progreflTively  increafe  in  breadth  to  17  inches,  where  the  flratification  refls 
upon  a  rock  of  an  argillaceous  nature. 

This  laft  bed,  which  is  17  inches  thick,  confifls  of  quartz  of  a  blackifh  blue  colour,  in 
the  fepta  or  cracks  of  which  are  found  fine  quartz  cryflals,  colourlefs  and  perfectly  tranfl^ 
parent.  Thefe  cryftals  are  compofc-^  of  18  planes,  difpofed  in  hexangular  columns,  termi- 
nated at  both  extremities  by  hexangular  pyramids.  The  largefl  of  thofe  that  I  have  fcen 
does  not  exceed  two-eighths  of  an  inch  in  length :  they  in  general  adhere  to  the  rock  by  the 
fides  of  the  column,  but  are  detached  without  difficulty.  Their  great  degree  of  tranfparency 
has  obtained  them  the  name  of  Gibraltar  diamonds. 

\To  be  continued.'^ 
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ACCOUNT  OF   NEW   BOOKS. 

Memoirs  of  the  Literary  and  Philofophical  Society  of  Manchcfter,  Vol.  V.  Part  I.  Svo. 
318  pages,  with  four  plates.  Price  6  {hillings  in  boards.  Cadell  and  Davies,  London, 
1798. 

X  HIS  volume  contains,  I.  Curfory  Remarks,  moral  and  political,  on  Party  Prejudice. 
By  Samuel  Argent  Bardfley,  M.  D. — i.  Extraordinary  Fafts  relating  to  the  Vifion  of  Co* 
lours;  wiih  Obfervations-  By  Mr.  John  Dalton.  The  intelligent  author  of  this  valuable 
paper  is  himfclf  the  fubjedl  of  many  of  his  obfervations  refpecling  the  peculiarity  of  his  per» 
ceptions  of  colours.  This  Memoir  confifts  of  an  account  of  his  own  vifion  ;  an  account  of 
others  whofe  vifion  has  been  found  fimilar  to  his  own;  and  obfervations  refpeding ^e 
probable  caufe  of  the  peculiarities  he  defcribes.  The  folar  fpedlrum,  formed  by  the  prifma* 
tic  difperfion  of  light,  exhibits  to  him  only  two,  or  at  moft  three,  colours,  which  he  fhould 
call  yellow  and  blue,  or  yellow,  blue,  and  purple.  This  jellow  comprehends  the  red, 
orange,  yellow,  and  green  of  others  ;  and  his  blue  and  purple  coincide  with  theirs.  He 
enters  minutely  into  the  requifite  con^parative  obfervations  on  the  feveral  colours  refpeQ:- 
ivcly  as  they  affeft  his  organs  of  fight.  Pink  appears,  by  day-light,  to  be  flcy-blue  a  little 
faded  ;  by  candle-light  it  afl'umes  an  orange  or  yellowifli  appearance,  which  forms  a  flrong. 
contrail  to  blue.  Crimfon  appears  a  muddy  blue  by  day ;  and  crimfon  woollen  yarn  is 
•much  the  fame  as  dark  blue.  Red  and  fcaflet  have  a  more  vivid  and  flaming  appearance 
by  candle-light  than  by  day-light.  There  is  not  much  difference  in  colour  between  a  flick 
of  red  fealing-wax  and  grafs  by  day.  Dark  green  woollen  cloth  fcems  a  muddy  red,  much 
darker  than  grafs,  and  of  a  very  dift'ercnt  colour.  The  colour  of  a  florid  complexion  is 
dufky  blue.  Coats,  gowns,  &c.  appear  to  Mr.  Dalton,  and  the  other  individuals  he  men- 
tions, frequently  to  be  badly  matched  with  linings,  when  others  fay  they  are  not.  On  the 
other  hand,  they  fhould  match  crimfons  with  claret  or  mud  ;  pinks  with  light  blues  ;  browns 
with  reds  ;  and  drabs  with  greens.  In  all  points  where  they  differ  from  other  perfons,  the 
difference  is  much  lefs  by  candle-light  than  by  day-light.  Mr.  Dalton,  by  various  obferva- 
tions, fhews,  almofl  beyond  a  doubt,  that  this  afleclion  of  the  eye  is  caufed  by  fomeof  the 
humours,  probably  the  vitreous,  being  coloured  by  feme  modification  of  blue.— 3.  An  En- 
quiry into  the  Name  of  the  Founder  ofHuln  Abbey,  Northumberland,  the  firfl  in  England 
of  the  Order  of  Carmelites;  with  Remarks  on  Dr.  Ferriar*s  Account  of  the  Monument  in 

the  Church  of  that  Monaflery.  By  Robert  Uvedale,  B.  A.  of  Trinity  College,  Cambridge. — 
4.  On  the  Variety  of  Voices.  By  Mr.  John  Gough.  It  is  a  fad  which  continually  prefents 
itfelf  to  our  obfervation,  that  founds  differ  from  each  other  in  other  refpe£ls  as  well  as  in 
mufical  tone  and  their  intcnfity.  The  oboe,  the  violin,  and  the  flute,  however  perfedlly  they 
maybe  made  to  agree  in  thefe  rcfpcfts,  are  ever  found  to  differ  in  fomcthing  which  may  be 
called  the  charafter  of  the  tone  iifdf.  'I  he  author  of  this  paper  conceives  that  the  variety 
of  human  voices  is  of  this  lafl  kind  ;  and,  in  his  reafoning  on  the  philofophy  of  found,  he 
confiders  every  tone  as  compounded.  So  that  the  fame  cotcmporancous  founds  which  arc 
heard  in  the  bell,  though  pra6lically  confidered  as  if  it  emitted  the  fundamental  note  only, 
being  conceived  to  exifl  in  all  other,  tones,  thefe  will  be  found  to  differ  according  to  the 
number,  the  nature  or  relation,  and  the  inteafity  of  their  component  parts.     That  circum- 
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natms  of  ihis  kind  majf  moJify  the  aggregate  of  fonorous  undulation,  is  fcarcely  to  be 
doubted  i  but  Mr.  Gough  feems  to  have  overlooked  that  modification,  which  may  be 
proved  to  be  the  diHinguifliing  circumftancc  betwcsn  tofie  and  tone  when  they  are  in 
unifon.  If  a  toothed  wheel  be  made  to  revolve  very  fwiftly  with  iis  tceih  againft  a  f|>ring» 
which  (hall  ffrikc  each  tooih  in  fucceflion,  a  mufical  tone  will  be  produced,  which  will  be 
more  acute  the  fwifter  the  rotatioti.  But  this  tone  will  diffisr  accordingly  as  the  material 
of  ihc  wheel  is  Itfelf  difpofcd  to  give  a  tone  of  greater  acutenefs  or  gravity  by  each  fingle  or 
individual  {Iroke.  If  the  fame  note  be  afforded  by  a  brafs  and  by  a  wooden  wheel  rcvoli-- 
ing  on  one  axie,  tile  charafler  of  each  note  will  differ  in  the  manner  hers  ftaicd.  Or 
more  fimply,  if  a  xord  of  thirty  or  forty  feet  in  length,  or  fhorter  if  more  convenient,  be 
flretchcd,  and  in  this  ftatc  ftrutk  with  the  edge  of  the  hand,  the  vibrations  will  be  (low 
cnau^  lo  be  counted,  and  will  evidently  appear  to  be  cf  two  kinds.  When  the  ilring  is 
flruck  near  the  end  or  bridgej  a  i»ave  or  undulation  will  be  propagated  to  the  other  bridge^ 
and  immcdialely  return  ;  v.bich  proccfs  will  continue  as  long  as  the  elaflicity  of  the  firing 
can  maintain  the  motion.  The  waves  of  this  undulation  will  be  larger  or  fmaller,  ihc  tnoie 
remote  or  the  nearer  the  "place  of  percuflion  is  to  the  bridge  ;  but  the  times  of  tranfmilTujn 
of  the  waves  backwards  and  forwards  along  the  ftrisg  will  be  invariable.  The  lone  of 
fuch  a  Aring,  fuppofing  its  dtmcnfions  and  tcnfion  to  be  fuch  as  would  produce  found,  may 
therefore  be  confidcrcd  as  if  the  tone  produced  by  the  fyflcm  »f  wjvti  were  interrupted  as 
often  as  the  re-aflion  of  each  bridge  caufes  the  reirogrjdc  motion  of  the  fydcm;  th.it  is  to  fay, 
it  is  afforded  by  a  procefs  fimilar  to  that  of  the  experiment  with  the  whecUj  where  the  peculiar 
found  of  a  bltw  upon  each  touih  was  incdianily  repeated  and  fufpendtd  at  ftguUr  imeivals. 
Now,  the  mufical  'acuienefs  or  gravity  of  ihc  tone  depends  altogether  on  the  time  of  thefu 
intervals,  and  not  at  nW  en  ihg  nature  of  the  found  which  is  thus  repeated";  but  the  cha- 
racter of  the  tone  is  governed  by  this  lall  circumllancc.  And  accordingly  it  is  found  by 
thofe  who  make  hirp&chords,  and  other  ilmiUr  iiidruments,  that  the  charatler  of  the  tone 
of  (he  fame  firing  is  wonderfully  changed,  accordingly  as  the  jacks  or  iiammers  are  made. 
to  operate  nearer  to,  or  further  from,  the  bridge. — 5. 0.i  the  Benefits  and  Duties  refulting 
from  the  luftitution  of  Societies  for  the  Advancement  of  Literature  and  Philofophy.  By  the 
Reverend  Thomas  Gifborne,  M.  A. — 6.  On  an  Uiiivcrful  Charjder.  By  James  Anderfun, 
LL.D.  F.R.S.  &c.  By  this  letter,  which  bears  d.Ue  February  20,  1795,  it  appears  that 
the  Doctor  had  then  made  confiderable  progrefs  in  the  iiivclliijation  of  the  means  of  writ- 
ing language  by  charafters  regularly  conltiuifled  on  thofe  principles  of  mental  operation 
which  conftitute  univerfal  grammar,  and  do  not  require  tlie  intervention  of  found.  To 
thofe  who  have  confidered  this  fubjeft,  panicularly  with  refpcfl  to  the  praflice  of  the  Chi- 
nefe,  whofe  written  words  are  known  to  reprefent,  for  the  moft  part,  things  inftead  of 
words,  and  confequenily  are  intelligible  to  nations  who  do  not  fpeak  the  fame  language,  the 
practicability  of  this  fcheme  will  be  a  matter  of  no  doubt.  But  whether  the  diiEculties  be 
fuch  as  to  operate  more  ftrongly  againft  its  inlroduOion  in  Europe  than  the  immediate  mo- 
tives of  convenience  in  favour  of  its  reception,  is  a  queftion  which  can  only  be  decided  by 
iTiiniitc  and  continued  attention  lo  the  whole  fubje£l.  That  ihefe  diiEculties  are  compira- - 
titrely  fmall,  and  would  yield  to  the  induflry  of  a£tivc  and  intelligent  men,  in  the  firft  in- 
ftance,  is  fcarcely  to  he  doubted,  provided  the  exertions  of  the  firft  promoters  of  this  fclietie 
*ere  carried  fo  far  as  to  affortl  a  grammar,  a  dictionary,  and  one  or  two  well  written  intro- 
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du£lory  "books  on  morals,  political  economy,  or  the  more  confined  fcicnces  of  mechanics, 
chemiftry,  or  aftronomy.     The  facility  and  accuracy  of  enunciation,  the  fpced  and  brevity 
of  defcription,  and  the  extreme  rapidity  of  perufal,  would   foon   realize   thofe   expefta- 
tions  upon  which  our  author  and  a  few  men  of  reflcdlion  now  meditate  as   the   objedls 
of  enjoyment  deftined  for  remote  future  ages.     The  Doftor  has  not  entered  into  the  parti« 
culars  of  his  own  fcheme  ;  and  the  prefent  occafion  d<jes  not  admit  of  a  detail  of  the  multi- 
plied means  and  advantages  which  prefent  themfelves  in  the  contemplation  of  this  intcreft- 
ing  fubjcft.    From  the  date  of  his  letter,  it  is  to  be  feared  that  other  avocations  may  have 
fufpended  this  purfuit,  as  well  on  his  own  part  as  that  of  his  able  friend  whom  he  men- 
tions as  being  a<flively  engaged  in  it.— 7.  The  Invcrfe  Method  of  Ceijtral  Forces.'  Commu- 
nicated by  Dr.  Holme.— 8.  Obfervations  on  Iron  and  Steel.     By  Jofeph  Collier.     After  a 
concife  account  of  the  methods  of  fmelting  arid  refining  iron,  a  dcfcription  is  given  of 
the  manufacture  of  ftecl  by  cementation,  with  a  good  drawing  exhibiting  the  plan  and  fec- 
tion  of  a  furnace  for  performing  this  operation.     I  do  not  rccoiJeft  meeting  with  a  draw- 
ing of  this  kind  in  any   Engh'fli  author.     Mr.  Collier's  paper  exhibits  a  fummary  of  the 
moil  eflential  facls  related  by  Reaumur,  Duhamel,  Vandermonde,  Monge,  and  Berthollet, 
and  others*. — 9.  Remarks  on  Dr.  Prieftley's  Experimer.ts  and  Obfervations  relating  to  the 
Analyfis  of  Atmofpherical  Air,  and  his  Confiderations  on  the  Doftrine  of  Phlogifton  and  the 
Decompofition  of  Water.    By  Theophilus  Lewis  Rupp,     The  modern  chemiftry  which  rc- 
jefts  phlogifton  is  ably  defended  in  this  paper,  of  which,  from  the  clofe  method  of  quotation 
and  remark  according  to  which  it  is  written,  it  is  impoffible  to  give  any  fair  account  in  this 
place. — 10.  An  Account  ofthree  different  Kinds  of  Timber  Trees,  which  are  likely  to  prove 
a  great  Acquifition  to  this  Kingdom,  both  in  point  of  Profit,  and  as  Trees  for  Ornament 
and  Shade.    By  Charles  White,  Efq.  F.R.S.    The  trees  are  the  black  American  birch  with 
broad  leaves,  the  Athenian  poplar,  and  the  iron  oak  with  prickly  cups.     For  the  minute 
particulars  of  defcription,  as  well  as  the  perfpicuous  detail  of  advantages,  recourfe  muft  be 
had  to  the  paper  itfelf. — i  r.  An  Analyfis  of  the  Waters  of  two  Mineral  Springs  at  Lcming- 
ton  Priors,  near  Warwick,  including  Experiments  tending  to  elucidate  the  Origin  of  the 
Muriatic  Acid.    By  William  Lambe,  M.  A.   late  Fellow  of  St.  John's  College,  Cam* 
bridge.— 12.  Some  Account  of  the  Perfian  Cotton  Tree.    By  Matthew  Guthrie,  M.D* 
r.R.S.    &c.  —  13.  Experiments    and  Obfervations   on   the  Preparation   and   fome    re- 
markable Properties  of  the  Oxygenated  Muriate  of  Potafli,     By  Thomas  Hoyle,  jun.— 
14.  Experiments  and  Obfervations  on  Fermentation  and  the  Diftillation  of  Ardent  Spirit. 
By  Jofeph  Collier.  On  the  chemical  papers  laft  mentioned,  as  well  as  the  fubfequent  paper  on 
bleaching,  I  make  no  remarks,  not  only  for  the  fake  of  brevity,  but  becaufe  I  hope  on  a  future 
t>ccafion  to  give  a  more  ample  account  of  their  contents. — 15.  Hints  on  the  Eftablifhment  of 
an'Univerfal  Written  Chara£ler^By  William  Brown,  M.D.  Notwithftanding  the  great  value 
of  this  paper,  and  the  ability  of  its  author,  who  has  occafionally  turned  his  thoughts  during; 
three  years  to  Dr.  Anderfon*s  projed^,  I  cannot  hielp  wifliing  that  he  may  not  be  the  friend 
to  whom  that  author  refers.     His  hints  contain  an  outline  of  the  procefs  by  which  an  univer- 
fal  written  character  is  to  be  eftablifhed ;  but  he  feems  rather  difpofed  to  confider  the  pro- 

♦  The  author  mentions  certain  omiflTions  in  my  Chemical  Didtionarvi  article  Iron,  which  he  would  have 
found  under  tlic  word  Steel,  if  he  had  turned  (•  that  article. 
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je£k  as  being  very  laborious,  and  in  its  praaical  application  difficult  to  be  eftabliflied. 
Under  fuch  impreflions,  much  is  not  to  be  cxpefted  in  the  progrefs.  It  feems  neverthclefs  that 
mankind  have  rejefted  univcrfal  charaGers  when  offered  to  them,  not  becaufe  they  were 
averfe  from  the  means  of  facility  and  perfpicuity,  but  becaufe  thofe  means  were  not  in  reality 
difplayed.     The  A/abic  numerals^  the  notation  of  mufic,  and   the  fymbols  of  quantity  and- 
operation  ufed  by  algcbraifts,  are  univerfal  characters  confined  to  no  language,  ^nd  have  been  ' 
univerfally  received  becaufe  they  are  fimple  and  appropriate  ;  but  the  charadlers  of  chemifls, 
as  well  as  the  few  attempts  at  the  more  ample  defignation  of  things  jn  the  fame  manner, 
have  not  been  received,  becaufe  their  authors  have  flopped  fl]\ort  in  their  ufe  and  adaptation. 
If  Bifhop  Wilkins,  and  the  great  men  of  the  laft  century  who  favoured  his  univerfal  cha- 
racSler,  had  ftudied  ajid  ufed  it  to  fuch  an  extent  as  to  have  written  treatifes  according  to  that 
notation  ;  or  if  the  great  Bergman  had  attempted  a  reform  in  the  charaflers  of  chemiftry, 
and  adopted  fuch  as  could  be  readily  formed,  eafily  diftinguiflied,  and  compounded,  with  all 
the  advantages  of  pofition,  of  which  he  was  fo  well  aware ;  if  he  had  completed  a  fet  of 
tables  exhibiting  the  whole  of  chemical  fcience,  and  expreffing  things,  quantities,  anions, 
temperatures,  and  other  habitudes,  in  a  few  pages,  which  thofe  who  attentively  meditate 
on  his  compound  tables  of  eledive  attradion  may  without  difficulty  conceive  to  be  poffible  ; 
the  lovers  of  that  fcience  would  have  learned  to  read  his  work;  and  to  write  others  accord- 
iitg  to  the  fame  method;  and  that  for  reafons  of  the  fame  kind  as  have  induced  arithmeti. 
cians,  muficians,  and  algebraifts,  to  become  maflers  of  the  univerfal  charadlers  proper  to  their 
refpeftive  fciences. — 16.  On  the  Procefs  of  Bleaching  with  the  Oxygenated  Muriatic  Acid, 
and  a  Defcription  of  a  new  Apparatus  for  Bleaching  Cloths  with  that  Acid  difTolved  in  Water, 
without  the  Addition  of  Alkali.   By  Theophilus  Lewis  Rupp. — 17.  Account  of  a  remarkable 
Change  of  Colour  in  a  Negro.    By  Miers  Fifher.    This  man's  father  was  the  fon  of  a  native  • 
African  and  an  Indian  of  Philadelphia,    His  mother  was  the  daughter  of  an  African  man. 
and  an  Irifh  woman.     By  a  certificate  here  exhibited,  it  appears,  that  until  the  month  of 
February   1792,  being  then  at  leaft  30  years  old,  ho  was  of  as  dark  a  complexion  as  any 
African ;  at  which  period  his  fkin  began  to  change  white,  like  that  of  an  European,  com- 
mencing at  his  fingers'  ends,  and  proceeding,  chiefly  in  the  fummer  or  warm  weather,  over 
the  reft  of  his  body.     The  greater  part  of  the  furface  was  thus  changed  at  the  time  of  the  ac- 
count being  written,  which  was  the  22d  of  November  1796.     1  he  change  was  not  uniform 
over  the  whole  furface,  but  gradually  progreffive  along  the  fkin  ;  the  black  and  white  parts 
being  feparated  by  an  irregular  line.     No  fa^s  are  mentioned  in  explanation  of  this  re- 
markable change. 
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ARTICLE    I. 

Farther  Experiments  and  Objervatsoni  en  tie  jIffeBions  and  Properties  of  Light* 

By  HSNAT  BROUjGBAMi  jun.  £fq. 

^Concluded  from  Page  155  of  thepreient  Volume.] 

ObfirvatioH  5. 

X  H  E  AxxtSt  light  foiling  on  the  fpeculumi  and  part  of  the  refleSed  light  on  the  horisoi^tal 
white  ftage  of  a  very  accurate  micrometer,  I  meafurcd  the  breadth  of  the  fringes,  fpots,  &e* 
Thefe,  with  the  diftance  of  the  (^uium  from  the  window  and  micrometer,  and  the  flze  of 
the  fun's  image,  are  fet  down  in  the  following  table,  all  reduced  to  inches  and  decimals. 

Inches.  Parts* 
Diftance  of  the  fpeculum  from  the  hole  in  the  window  (hut         .  • 
Diftance  of  the  fpeculum  from  the  ftage  of  the  micrometer         • 
Tranfverfe  axis  of  the  fun's  image  •  «  « 

Conjugate  axis  of  the  fun's  image  •  *  • 

Length  of  the  oblong  dark  fpot  •  •  • 

Breadth  of  the  oblong  dark  (pot  •  • 

Breadth  of  its  firft  fringe  »  .  • 

Elliptic  fpot's  tranfverfe  axis  •  • 

■  ■   conjugate  axis  •       ^  -  -. 

Breadth  of  its  firft  fringe  •  * 

Tranfverfe  axis  of  a  larger  elliptic  (pot  ^ 

Conjugate  axis  of  the  fame  fpot  t>  * 

Vm.  IL-*Avgust  1798.  C  c  In 
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In  the  image  where  thcfe  meafures  were  taken,  there  were  feven  other  elliptic  fpots^  a 
little  left  and  nearly  equal ;  all  the  others  were  much  fmallcr  and  more  confufed. 

Obfervation  6.  On  viewing  the  furface  of  the  fpecuium  attentively  in  that  place  whence 
the  rays  formed  the  oblong  and  firft  mentioned  elliptic  fpots,  I  faw  a  dark  but  very  thin  long 
fcratch,  and  a  dark  dent,  fimilar  in  (bape  to  the  dark  fpaces  on  the  image  ;  tl)e  dark  fpot 
meafurcd  lefs  than  -^^  of  an  inch  ;  whic  h  makes  its  whole  fur£ace  to  th&  whole  polifhed 
furface,  as  i  to  3422^5,  fuppofing  the  former  circular  or  nearly  fo.  All  thefe  n\cafures  will 
be  found  to  agree  very  well,  for  their  fmallncfs  and  delicacy :  thus,  the  ratio  laft  mentioned 
is  nearly  the  fame  which  we  obtain  by  comparing  the  image  and  the  fpot  i  the  like  may  be 
laid  ojfthe  X^Q  fpots  mentioned  in  the  tabbe,  u  e.  their  axes  are  proportionaL  I  now  could: 
produce  what  fpots  I  plcafjd,  by  gently  fcratching  the  fpecuium,  or  by  making  lines,  dots> 
&c.  with  ink,  and  allowing  it  to  dry;  for  thefe  laft  formed  convex  fibres,  which  produced 
coloured  fringes  as  well  as  the  concavities,  agreeably  to  what  was  deduced  a  priori. 

Obfervatton  7,  The  whole  appearance  \yhiclv  I  have  been  defcribing  bore  fuch  a  clofe 
ai>d  complete  refemblance  to  the  fringes  made- round  ihe  fliadows  of  bodies,,  that  the  identity 
of  the  caufe  in  both  cafes  could  not  be  doubted.  In  order,  however,  to  (hew  it  ftill  further^ 
I  meafured  the  breadths  of  two  contiguous  fringes  ia  feveral  diffbreat  fets :  the  nieafure- 
ments  agreed  very  well,  and  gave  the  breadth  of  the  firft  fringe  .005$,  and  of  the  fecond 
•0034 ;  or  of  the  firft  .0066,  and  of  the  fecond  .0034.  The  ratio  of  the  breadths  by  the  firft 
is  28  to  17  s  by  the  fecond,  30  to  17 ;  of  which  the  medium  is  29  to  17  i  and  this  is  precifely 
the  ratio  of  the  two  innermoft  fringes  noi^dc  b^  a  baiiy  according  to  Sir  Ifaac  Newton's  mea* 
furement;  the  firft  being,  according  to  him,  yy^  of  an  inch  5  the  fecond^  -^^  of  aa  inch  *• 
Farther,  tiie  two  itmennoft  rhigeaiade  by  {dates  haiVe  thieir  diameters  (not  breadths}  in  the 
tatio  of  I  ff  to  2  -J-t)  ^nd  the  dJftance  between  the  middle  of  the  innermoft  fringes  (made  by 
a  hair),  on  either  fide  the  (badPN^x  '^  to  Uk  (amc  dift^npe  ia  the  (econd  fringes  as  3^  to  ^1. 
therefore,  the  diameters  of  the  two  firft  rings  made  by  the  fpecks  in  the  fpecuium,  are  as 
ill  to  -rrVx*  which  ratio  differs  exceedingly  little  from  that  of  i  fj-  to  2 1,  the  ratio  of^t|i|; 
diameters,  of  rings  made  by  plates,  citbec  tbofie  ealiod  by  Newton  tbkk*.  c>r  tMe  iifbiqh  ie 
samQs  thin.:  fcr  fuppofe  tUa  difference  notjiing,  .^^X^Y^c^iiiK  iWr  >  ^  ^^  <Uft9re» 
mce  between  thi^fe  twoprodufls  (now  fta ted  equal)  is  not  much  ab^v^  |  in  reaUty*/  ,  . 

Obfrrvatim^.  The. laft  tUng  wortiLipentioning  in  theie  phenomeoaiVas  tbiat  I  viewed 
the  fringes  through  a  prifm,  holding  the  refra£ling  angle  upwards,  and  the  axis  parallel  to 
l^at  of  the  dark  fpace;  then  moviAg>  \x  till  the  objedbs  ceafed  defeendtng^  i  ^faw  ia  thali 
pofture  t{ie  fringes  much  mere  diftiiQ&  and  numerous ;  for  I  could  now?  fee^five  watb  ^^fc^gTHt 
feverarmbre  lefs  diftin^ly*  This  led  n^e  to  try  more  minutely  the  uuth  of  the  5th-prfqpoAk- 
tioni  with  refpe£);  to  the  number  of  the  fringes  fiirrounding  the.ifaadpwa  of  bodies  iir.dirett 
light.  Having  produced  a  bright  fet  of  thefe  by  a  blackened  pta>^'f  of  ao  iheh:  in  diametei* 
I  viewed  them  through  a  well  made  prifm,  whofe-refra£ling' angle  was  only  36P,  and-beld^ 
diis  angle  upwards,  when  the  fringes  were  on  the  fide  of  the  ftiadow:  oppbfite  to  xam^  £. 
then  mored  the  prifhi  round  on  its  axis ;  and  whemit  was  in  the  poftttxie  between  tbe-afceiift 
and  defcent  of  the  objefls,  I  was  much  pteafed  to  fee  five  fringes  plainly,  and  a  great  nutiw-, 
\%i  beyondj  decreafing  in  fize  and  brightnefs  till  they  became  too  (mail  and  confiifed' 
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light  In  like  manner,  thofe  formed  by  a  double  flexion  of  two  bodies,  and  thofe  made  out 
of  homogencal  light,  were  feen  to  a  much  greater  number  when  carefully  viewed  through 
the  prifm.  And  this  experiment  I  alfo  tried  with  all  the  fpecies  of  fringes  by  flexion  which  I 
could  think  of. 

Obfervation  9.  The  fame  appearances  which  were  occafioned  by  the  metal  fpecttlum^ 
might  be  naturally  expefted  to  appear  when  a  glafs  one  was  ufed.  But  I  alfo  found  the  like 
rings  or  fringes  of  colours  and  fpots  in  the  image  beyond  the  focus  of  a  lens ;  nor  was  a  very 
excellent  one  belonging  to  a  DoUond's  telefcope  free  from  them.  The  rings  with  their  dark 
intervals  refembled  thofe  floating  fpecks  fo  often  obferved  on  the  furface  of  the  eye,  and  call- 
ed ^^  mufcae  volitantes,"  only  that  the  mufcx  are  tranfparent  in  the  middle,  becaufe  formed 
by  drops  of  humor :  they  will,  however,  be  found  to  be  compalTed  by  rings  of  faint  colours, 
which  will  become  exceedingly  vivid  if  the  eyes  be  (hut  and  flowly  opened  in  the  fun's  lights 
fo  that  the  humor  may  be  collefled ;  they  alfo  appear  by  reflexion,  mixed  with  the  colotirs 
defcribedin  Phil.  Tranf.  for  1796,  p.  268,  (or  Philof.  Journal  I.  593.) 

Obfirvathn  lo.  The  fun  (bining  ftrongly  on  the  concave  metal  fpeculum,  placed  at  fuck 
adiftance  from  the  hole  in  the  window  that  it  was  wholly  covered  with  the  light ;  upon  in- 
dining  it  a  little,  the  image  on  the  chart  was  bordered  on  the  infide  with  three  fringet 
^fimilar  to  thofe  already  defcribed:  on  increafing  the  inclination  tbefe  were  diftended,  be 
coming  very  bright  and  beautiful :  when  the  inclination  was  great,  and  when  it  was  ftiH  in* 
creaied,  another  fet  of  colours  emerged  from  the  fide  next  the  fpeculum,  and  was  conctve 
to  diat  fide.  Here  I  flopped  the  motion,  and  the  image  on  both  fides  the  focus  had  tbro^ 
fets  of  fringes^  and  four  fringes  in  each  fet;  but  when  viewed  through  a  prifm  (as  before 
defcribed),  the  numbers  greatly  increafed,  both  the  fringes  and  the  dark  intervals  decreafing. 
regularly.  The  appearance  to  the  naked  eye  is  reprefented  in  fig.  6,  plate  VII.  where  ADC 
being  the  image,  A  and  C  are  the  fets  of  fringes  at  the  edges,  and  B  the  third  fet,  there 
^clng  none  at  E  and  D  the  fides,  fixice  the  light  which  illuminates  thefe  quarters  comes  not 
from  the  edges  of  the  fpeculum  in  (t>  great  inclinations.  I  now  viewed  the  fur&ce  of  the. 
fpeculum,  and  faw  it  in  the  place  anfwering  to  B  in  the  image,  covered  with  fringes  exsiCtly 
correfponding  with  thofe  at  B ;  and  on  changl^ng  the  figure  of  that  part  of  the  fpeculum*^ 
«dge  between  them  and  the  fun,  the  fringes  likewife  had  their  figure  altered  in  the  very  fame 
way.  On  moving  the  fpeculum  farther  rounds  B  came  nearer  to  A  in  the  image^  accofding 
ts  the  fringes  on  the  fpeculum  receded  from  that  fide  which  formed  them ;  and  before  they 
'Yanifhed  alike  from  the  fpeculum  and  image,  they  mixed  with  the  colours  at  A  in  the  image^ 
and  foVmed  in  their  motion  a  variety  of  new  and  beautiful  compound  colours  :  among  thefe  I 
particularly  remarked  a  brown  chocolate  colour,  and  various  other  fhades  and  tinges  of  brown 
and  purple.  Juft  before  the  fringes  at  B  appeared,  the  fpace  between  A  and  C  was  filled 
with  colours  by  reflexion,  totally  diflperent  in  appearance  from  the  fringes ;  but  I  could  not 
examine  them  fo^minutely  as  I  wifhed  in  this  broad  image.  I  therefore  made  the  following 
experiment : 

Obfervation  II.  At  the  hole  in  the  window-fhut  I  held  the  fpeculum,  and  moved  it  t» 
fuch  an  inclination  that  the  colours  by  reflexion  might  be  formed  in  the  image :  they  were 
much  brighter  and  far  more  diftended  than  the  fringes,  and  were  in  every  refpe^St  like 
the  images  by  reflexion  in  the  common  way,  only  that  the  colours  were  a  little  better  and 
■lore  regular.    They  were  alfo  feeti  on  the  fpeculum,  as  the  third  fdt  of  fringes  had  before 
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been  m  Obf.  lO;  but  by  letting  the  rays  fall  on  the  half  next  the  chart,  and  inclinrng  that  haST 
very  much,  I  could  produce  them,  though  leTs  diftinSly^  by  a  fingle  reflexion*  I.no^held  a 
pkin  metal  fpeculum^  fo  that  the  rays  might  be  refle£led  to  form  a  white  image  on  a  chart. 
On  inclining  the  fpeculum  much,  I  faw  the  image  turn  red  at  the  edge ;  it  then  became  a 
little^idended  ;  and  laftly,  fringes  emerged  from  it  well  coloured,  and  in  regular  order,  with 
(heir  dark  intervals*'  This  may  eafily  be  tried  by  candle-light  with  a  piece  of  looking-gla(s  | 
and  thofe  who  without  much  trouble  would  fatisfy  themfelves  of  the  truth  of  the  whole  experi- 
ment contained  in  this  and  the  )a(l  obfervation,  may  eafily  do  it  in  this  way  with  a  concave 
fpeculum ;  but  the  beauty  of  the  appearance  is  hereby  quite  impaired..  After  this  detail  it  is 
aJmoft  fuperfluous  to  add,  that  the  fringes  at  B,  fig.  6,.  are  formed  by  deflexion  from  the 
xdge  of  the  fpeculum^pext  the  fun,  and  then  falling  on  tt  are  refie£led  to  the  chart ;  that  the 
images  by  reflexion  are  either  formed  by  the  light  being  decompounded  at  its  firft  reflexion, 
and  then  undergoing  a  fecond,  or,  in  other  inflances,  without  this  fecond  reflexion  ^  and  that 
the  other  fringes  are  produced  exa£tly  as  defcribed  above,  from  the  necefl!ar)r  confequenceft 
cff  the  theory.  I  ihall  only  add,  that  nothing  could  have  been  more  pleafing  to  me  than  the 
fuccefs  of  this  experiment  \  not  only  becaufe  in  itfelf  it  was  really  beautiful  from  its  varietjr^ 
hut  alfo  becauie  it  was  the  mod  peremptory  confirmation  of  what  followed  from  the  theory^ 
0  prioriy  and  in  that  point  where  the  fingularity  of  its  confequences  moft  inclined  me  ta 
doubt  its  truth. 

Let  us  now  attend  to  feveral  conclufions  to  which  the  fbregotng  obfervatioos  kad^  tnde- 
pendently  of  the  proportions  (viz.  the  five  firft)  which  they  were  made  to  examine^ 
.  I.  We  muft  be  immediately  ftruck  with  the  extreme  refemblance  between  the  rings  fur* 
rounding  the  black  fpotson  the  image  made  by  an  ill-poli(hed  fpeculum^  and  thofe  produced 
by  thin  plates  obferved  by  Newton ;  but  perhaps  the  refemblance  is  (till  more  confpicuous  ia 
ibe  colours  furrounding  the  image  made  by  any  fpeculum  whatever^  and  fiilly  defcribed  in* 
Obf.  lo  and  ii.  The  only  diflference  in  the  circumftances  is  now  to  be  reconciled.  The 
rings  furrounding  the  black  fpot  on  the  top  of  a  bubble  of  water,  and  thofe  alfo  furrounding^ 
the  fpot  between  two  obje£l-gIafl%s*,  have  dark  intervals  (exa£Uy  like  thofe  rings  I  have 
jufl  now  defcribed,  and  the  fringes  furrounding  the  (hadows  of  bodies) ;  but  thefe  intervals 
tranfmit  other  fringes  of  the  fame  nature,  though  with  colours  in  the  reverfe  order;  from 
^ich  Sir  Ifaac  Newton  juftly  inferred,  that  at  one  thicknefs  of  a  plate  the  rays  were  tranlL 
staitted  in  rings,  and  at  another  refleded'  in  like  rings.  Now  it  is  evident,  that  neither  re* 
flexibility  nor  refrangibiKty  will  account  for  either  fort  of  rings  ;  becaufe  the  plate  is  bx  toa 
thin  for  feparating  the  rays  by  the  latter,  ajid  becauft  the  colours  are  in  the  wrong  ordec  for 
the  former ;  and  alfd  becaufe  the  whole  appearance  is  totally  unlike  any  that  refraiigibilitjr 
and  reflexibility  ever  produce^  To  f^y  that  they  are  formed  by  the  thicknefs  of  the  plates,  is? 
not  explaining  the  thing  at  all.  It  is  demanded,  in  what  way  ?  And  ifldieed  we  fee  the  like 
dark  intervals  and  the  fame  fringes  formed  at  a  diftance  from  bodies  by  flexion,  where  there 
IS  no  plate  through  which  the  rays  pafs.  The  ftate  of  the  cafe  then  feems  to  be  this  i  f^  When 
*  a  phenomenon  is  produced  in  a  particular  combination  of  qircumftances,  and  the  fame 
^  phenomenon  is  alfo  produced  in  another  combination,  where  fome  of  the  circumftances 
f  before  prefent  are  wanting  i  we  are  entitled  to  conclude,  that  the  latter  is  the  moft  gene«. 
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^  ral  cafe,  and  muft  try  to  refolve  the  other  into  it."  In  the  firft  place,  the  or3er  of  the 
cofours  in  the  Newtonian  rings  is  )ufl  fuch  as  flexion  would  produce ;  that  i^^  thofe  which 
are  tranfmitted  have  the  red  inncrmoft^  thofe  which  are  refle£led  have  the  red  outermoft : 
the  former  are  the  colours  arranged  as  they  would  be  by  inflexion^  the  latter  as  they  would 
be  by  deflexion ;  and  here  by  outermoft  and  innermoft  muft  be  underftood  relative  pofitioa 
only,  or  poGtion  with  refped  to  the  thicknefs  of  the  plate^  not  of  the  central  (pot.  Second- 
ly, the  thinneft  plate  makes  the  broadeft  ring  fthe  diameter  of  the  rings  being  in  the  inverfo 
fiibduplicate  ratio  of  the  platens  thicknefs) :  juft  fo  Is  it  with  fringes  by  flexion  ;  nearer  the 
body  of  the  fringes  are  broadeft,  and  their  diameters  increafe  in  the  fame  ratio,  with  the. 

• 

diameters  of  the  rings  by  plates  whofe  thicknefs  is  uniform  ;  each  diftance  from  the  bending 
body  therefore  correfponds  with  a  ring  or  fringe  of  a  particular  breadth,  and  the  alternate 
diftances  correfpond  with  the  dark  intervals.  The  (],ueftioa  then  is,  what  becomes  of  the 
light  which  falls  on  or  paflcs  at  thefe  alternate  diftances  ?  In  the  cafe  of. thin  plates,  this  light 
is  tranfmitted  in  other  rings:  we  (hould  therefore  be  led  to  think,  that  in  the  cafe  of  the. 
light  paffing  by  bodies,  it  (bould  be  at  one  diftance  infledled^  and  at  another  defle£ted  :  and 
inh€t  the  phenomena  agree  with  this;  for  fringes  are  formed  by  inflexion  within  the 
(hadows  of  bodies  \  they  are  feparated  by  dark  intervals  ;  the  fringes  and  the  intervals  with* 
OQt  the  (badow  decreafe  rn  breadth  according  to  the  fame  law^  fo  that  the  fringes  and  inter* 
vals  within  the  fhadow  correfpond  with  the  intervals  and  fringes  without  refpe^iively.  Nor- 
wiB  this  explanation  at  all  afiecl  the  theory  formerly  laid  down ;  it  will  only  (if  found  con*- 
fiftent  with  farther  indudion)  change  the  definite  fpheres  of  inflexion  and  deflexion  into- 
alternate  fpheres*  At  any  rate^  the  fa£ls  here  being  the  fame  with  thofe  defcribed  byi. 
Newton,  but  in  diflferent  circumftances^  teach  us  to  reconcile  the  difibrence,  which  we  have 
attempted  to-do^  as  far  as  is  confiftent  with  ftri<^efs;  and  what  we  have  feen  not  only  en- 
titles us  to  conclude  that  the  caufe  is  the  fame,  but  al(b  inclines  us  to  look  for  farther  light 
concerning  that  caufe's  general  operation:  and  I  truft  fome  experiments  which  I  have 
planned,  with  an  inftrument  contrived  for  the  purpofeofinveftigating  the  ratio  of  the  bending 
power  to  the  diftances  at  which  it  a£b^  will  filially  fettle  this  point. 

)I.  Another  conclufion  follows  from  the  experiments  now  related^  viz.  that  we  fee  the 
great  importance  of  having  fpecula  for  refledors  delicately  poUihed,  not.  only  becaufe  the 
more  dark  imperfections  there  are  on  the  furface  the  more  light  is  16ft,  and  the  mote  colours^ 
ire  produced  by  flexion  (thefe  colours  would  be  moftly  mixed^^ind  fornr.white  in  the  fbcus),^ 
but  alfo  becaufe  the  fmalleft  fcratches  or  hairs  being  polifhed  produce  colours  by  reflexion,,, 
and  thefe  diverging  irregularly  from  the  point  of  incidence  are  never  colie&ed  into  a  focus„. 
but  tend  toconfufe  the  image.    Indeed  it  is  wonderful  that  refleflors  do  not  fufFec  more  front* 
this  caufe,  confidering  the  almoft  impoffibility  of  avoiding^the  hairs  we  fpeak  of:  however,,, 
that  they  do  adually  fuflS:r  is  proved  by  experience.    I  have  tried  feveral  fpecula  from  re«^- 
fle£ling  telefi:opes,  and  found  that  though  they  pjerformed  very  well  from  having  a  good 
figure,  yet  from  the  focus  (when  they  were  hdd  in  .the  fun's  light)  Teveralffreaks  diverged^ 
and  were  never  corredied ;  others  had  the  hairs  fo  fmall'that  it  was  very  difficult  to  per-> 
ceive  thecolours  produced  by  them  imlefi  they  fell. on  the  eye*.  Glafs  concaves  were  fi-eer. 
from  thefe  bairs^  but  they. were  much  more  hurt,  by  dark  fpots,  &c.    In  general  the  hajrs^ 
are  fo  fmall  ia  well  wrought  metals  that  they  do  little  hurt ;  but  when  enlarged  by  any . 
kogth  of  ex^pfure  to  the  lig^ht  and  Leat  in  iolariobfieryatipasi^tbey  produce  irregulatjtie»^ 
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.I'ound  the  image.  Sach  at  leaflf  I  take  to  be  the  explanation'  of  thifr  phiei^omenoa  obfervet 
at  Paris  by  M.  de  Barros  during  the  tranfit  of  mercury  in  17431  and  ret6rded  in  PhtU 
Tranf.  for  1753*  But  there  is  another  more  ferious  impediment  to  chevpcrforitiance  of  re<- 
HcSors,  and  which  it  is  to  be  feared  we  have  no  means  of  removing.  In  making  the  experi- 
ments of  which  the  hiftory  has  been  given,  on  viewing  attentively  the  furface  of  the  fpecu- 
lum,  every  part  of  it  was  feen  covered  with  points  of  colours,  formed  by  reflexion  from  th^ 
fmall  fpecular  particles  of  die  body.  I  never  faw  a  fpecuhim  free  in  the  Icaft  from  thefc  5  td 
diat  the  image  formed  in  the  focus  muft  be  rendered  much  more  dim  and  confufed  by  theni 
'tfian  it  otherwife  would  be, 

III.  The  laft  conclufion  which  may  be  drawn  from  thefe  experiments  is  a  very  clear  de- 
monftradon  in  confirmation  of  what  was  othcrwife  (hewn,  concerning  the  difFerence  be- 
tween coloured  images  produced  by  reflexion  and  thofe  made  by  flexion.  This  complete* 
diverfity  is  moft  evident  in  the  experiments  with  fpecula,  the  colours  produced  by  which, 
in  the  form  of  fringes  and  rings,  ought,  as  well  as  the  others  defcribed  as  images  by  reflexion 
in  Obf.  II,  to  be  the  fame  in  appearance  with  thofe  formed  by  pins ;  whereas  no  two  things 
can  be  more  diffimilar. 

It  remains  to  examine  the  6th  propofitlon.  For  this  purpofe  I  made  the  fdlowing 
obfervations : 

Obfervation  i .  Having  procured  9  good  fpecimen  of  Iceland  cryftal,  I  fplit  It  into  feveral 
pieces,  and  chofe  one  whofe  furface  was  beft  polifhed.  I  expofed  this  to  a  fmall  cone  of  the 
ilin's  light,  and  received  the  reflected  rays  on  a  chart;  nothing  Wa^  observable  in  the  image 
farther  than  what  happens  in  reflexion  from  any  other  pollJbed  bodty.  Some  pieces  indeed 
doubled  and  tripled  the  image,  but  only  fuch  as  were  rough  on  the  furface,  and  confequently 
f>refented  feveral  furfaces  to  the  rays*  When  fmooth  and  well  polifhed,  a  (Ingle  image  was 
all  that  they  formed.  The  fame  happened  if  I  viewed  a  candle,  the  letters  of  a  book,  &c.  hj 
reflexion  from  the  Iceland  cryfta!.    .  '  ' 

Obfervation  2.  I  ground  a  fmall  piece  of  Iceland  cryftal  round  at  the  edge,  and  gave  it  a 
tolerable  pdifh  here  and  there  by  rubbing  it  on  looking-glafs,  and  fometimes  by  a  burnifher 
(it  would  have  been  next  to  impoflible  to  polifh  it  completely).  I  then  placed  the  pohlhed 
part  in  the  rays  near  the  hole  in  the  window-fhut,  and  faw  the  chart  illuminated  with  a  great 
variety  of  colours  by  reflexion,'  irregularly  fcattered  as  defcribed  above*.  I  therefore  hehi 
the  edge  in  the  fmoke  of  a  candle  ancl  blackened  it  air  over,  then  rubbed  off  a  very  litde  of 
the  (bot,  and  expofed  it  again  in  the  rays.  I  now  got  a  pretty  good  ftreak  of  images  by  re- 
flexion,' in  no  rcfpcft  differing  from  thofc  made  in  the  common  way.  Nor  could  I  ever 
produce  a  double  fet  or  a  (ingle  fet  of  doi^ble  images  by  any  ^ccimcn  properly  prepared^ 
either  on  a  chart  by  the  rays  of  the  fun,  or  on  my  eye  by  thofe  of  a  candle. 

Obfervation  3.  I  ground  to  an  even  and  pretty  (harp  edge  two  pieces  of  Iceland  cryftal, 
and  placed  one  in  the  furfs  rays.  At  (bme  feet  diftance  I  viewed  the  fringes  with  which  its 
fliadow  was  furrounded,  and  faw  the  ufual  number  in  the  ufual  order.  I  then  applied  the 
other  edge  fo  near  that  their  fpheres  of  flexion  might  interfere  in  the  manner  before  de- 
Icribedf,  and  thus  the  fringes  might  be  diftcnded  :  ftill  no  uncommon  appearance  took 
jplace,  nor  when  other  bodies  were  flfed  with  one  edge  of  cryftal,  nor  when  polifhed  pieces 
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«r  different  (bapeft  and  fizet  were  employed^  Tby^  £^nc  things  happened  bf  candle-lights 
»nd  aJfo  by  refraAed  bomogeneal-ligh^  ^}m  ihx>ri|  I  repeated  oiQilof  my  experiroents  oa 
flexvon  with  Iceland  cryftal^  and  found  thai  they  were  not  changed  at  all  in  their  refults. 

Obfervatlon  4«    Having  great  reafon  to  doubt  the  accuracy  of  an  experiment  tried  by  Mr. 
Martin,  and  in  which,  by  a  prifm  of  Iceland  cryftal^  he  thought  fix  fpeftra  were  produced,  I 
was  not  much  furprifed  to  find  that  a  prifm  made  by  polifbing  the  two  contiguous  fides  of  a 
paraUelopiped  of  Iceland  cryftal  produced  only  two  equal  and  parallel  images,  in  whatever 
pofttion  the  priiin  was  hekL   But  though,  from  the  imperfefl  account  which  Martin  gives  of 
this  appearance,  it  was  impoflible  to  difcover  his  error  from  his  own  words,  yet  chance  led 
me  to  find  out  what  moft  probably  had  mifled  him  ;  for,  looking  at  a  candle  through  the  op* 
pofite  fides  of  a  fpecimen  of  Iceland^cryftal^.I  faw  four  coloured  images  (beiides  two  white 
ones)  of  the  candle.    Thefe  were  parallel  to  one  another,  and  in  the  farpe  line  as  reprefentcd  in 
£g.  7,  platc^VII.  where  E  reprefcnts  the  two  regular  images,  G  and'F  two  others -coloured 
very  irregularly,  and  changing  colours  as  the  cryiial  was  moved  horizontally,  fomctimcs  ap- 
peared each  tw6  fold,  and  its  two  parts  of  the  fame  or  different  colours.  A  and  B  were  regular* 
ly  coloyred^  and  evidently  formed  by  lefra&ion,  and  refleded  back  from  the  fides.     On  turn* 
ing.  the  cryftal  round  (b  that  its  pofition  might  be  at  right  angles  to  its  former  pofition^. 
|he  images :moved  round,  and  were  in  aline  perpendicular  to  A B>  as  CD.     All  this  hap-- 
pened  in  like  manner  in  the  fua's.  rays>  and  on  viewing  the  fpecimen  I  found  it  was  fplk 
and  broken  in  the  infide,  fo  as  to  be  lamella  ted  in  directions  parallel  or  nearly  fo  to  the  iides : 
m  thefe  plates  ^tre  were  colours  in  tEe  day-time  by  the  light  of  the  clouds  ^  and  it  is 
f  vident  that  it  was  thefe  fra£lures  which  caufed  the  irregular  images  G  and  F,  for  other 
^eimens  (hewed  no  (tich  appearance.     I   would  thereibre  conclude,  that  Iceland  cryftal 
feparatea  the  rays  of  Ugjbt  into  tyiro  equal  and  fimilar  bcaips  by  refra£lioji,  and  no  more  *. 

As  to  the  cai^  pC  the  feparatiqn,  X  wxxuld.hope  that  forne  ii^forniation  may  be  obtained 
from  the  experiments- 1  haw  tei^d^r  for  from  them,  i^  appears^  that  this  fiD^uIar  propertjr 
extends  mor  farther  than  to  the  9£kipn  of  the  pastides  of  Iceland  cryftal  on  the  particles  of. 
light  in  their  peffteetihrewgjb ,*et fep^.j  afid ftoov.QI^^^  ijt.i&J^thcr  evident^  thafi it  is  not 
owing  to  di&  diiFereni  properties  wUdk  Sir  Kaac^^ewtoaconjedures.  the  different  fides  of 
njrsita  haxe^fbr,  if.  this  were  the  .eaufe,  whei^  the  rays  piafs  between  two  pieces  of  cryftal 
an  uncommon  flexion  would  take  place.  Laftly,  another  h&.  (mif-ftated  by  Bartolinf  and. 
Bkxn^de  Lifle:^)  fliews  that  the-  unufual  refra£kion' takes  phce  within  the.  body ^  while  tha 
ether,  like  all  refraAions,  begins  atfome  fmall  diftance  befoi:e  the  rays  enter.^' 
.  The  writers  juft  now  quoted:  ailert,  that  if  the  cryftal  be  turned  round  fp  as  to  aflumr 
iifierent  pofttions,  there  is  one  ia  wJiich.  the  Uns  appeals  fidagle..    The  fa^  is  very  different^. 

*  Mentictnin^tliis  account  qf  Marpii^  smiftaHe  t«  Profeflbr  PLpbifon  of  this  U4[iiveriit)^»  I  was  pleafed  to  fin^ 
g  full  confirmation  of  it.    It  was  that  excellent  philofophrer.whoihewed.the  appearance  to  Martin  ;  but  he  not* 
«nder(landing  it,  took  the  liber^  of  ji^ubliihing  the  obfervation  as  his' own,  af^r'firft  ittangling  it  in  fOch  a  way 
as  to  give  him  indeed  fome  pretext  for  the  appropriation.    The  Profclfor  merely  mentioned  his  haviag  com^- ' 
municated  it  to-Mr.  Martin:  how  thelstter  ufed  it  we  have  fhcwn  in  the  t«xt*  the  theory  of  the  appeanwce  i^  ' 
teiewhac  more  complex  than  appears  by  my  ob&rvations.    I  was  thortfbve  pleaibd  tofind  that  thtPitifeflbtf  wts 
]|ft4»fieflio»  of  the  trur.i|Cfiount.of  i^  wh]ch  is.  ha)Mqv^f  forai^s  tf^  tkue  j>rci€fit.£uzp9fe.    Bv'  ^ 
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OS  follows ;  When  the  cryftal  is  turned  round,  the  unufual  image  turns  round  alio,  and  ap« 
X)ears  above  the  mother :  the  greateft  diftance  between  the  two  images  is  when  they  are 
cparallel  to  the  line  bifefling  one  of  the  acute  angles  of  the  parallelogram  through  which  the 
rays  p^fe  :  when  the  iipages  are  parallel  to  a  liiie  bifeAing  one  of  the  obtufe  angles  they 
>Teem  to  coincide ;  but  they  will  be  found,  if  ob&rved  more  nearly,  to  coincide  only  in  part. 
Thus  (in  fig.  9,  plate  Vll.)  A  B  and  CD  are  the  two  black  lines  at  their  greater  diftance,  and 
their  extremities  A  and  C,  B  and  D,  are  even  with  one  another;  that  is,  the  figure  formed  by 
Joining  A  and  C,  B  and  D,  is  a  reftangle.  But  in  the  other  cafe  {fig.  8),  A  B  and  C  D  being 
the  lines,  the  fpace  CB  (equal  in  depth  of  colour  to  the  real  line  on  the  paper)  is  the  only 
place  in  which  the  lines  (or  images)  coincide.  The  fpace  A  C  of  A  B,  and  B  D  of  CD 
au'c  dill  of  a  light  colour,  and  the  two  lines  AB  and  CD  do  not  coincide,  hy  the  difFerenc« 
A  C  or  B  D  ;  that  is,  by  the  difference  O  P,  the  greateft  diftance  (fig.  9).  In  (hort,  the  un* 
uTual  line's  extremities  defcribe  circles  (in  the  motion  of  the  cryftal)  whofe  centres  are  the 
iextremities  of  the  ufual  line,  and  whofe  radii  are  the  greateft  diftance.  From  this  it  appears 
^evident,  that  the  unufual  image  is  formed  within  the  cryftal,  and- turns  round  with  the  fide 
of  the  particle  or  rhomboidal  mafs  of  particles  which  forms  it.  Farther,  it  is  evident  that 
^he  power  which  produces  the  divifion  of  the  incident  light  is  very  different  firom  common 
rcfraftion,  from  the  -motion,  and  the  effeft  taking  place  when  the  rays  are  perpendiciilah 
^ufpeding,  therefore,  that  it  might  be  owing  to  flexion,  I  made  the  following  experiment 
vhich  undeceived  me : 

X)bfervation  5.  I  covered  one  ftfle  of  a  fpecimen  of  Iceland  cryftal  three  inches  deep  with 
black  paper,  all  but  a  fmall  fpace  ^^  of  an  inch  in  diameter,  and  placed  a  fcreeo  with  a 
liole  of  the  fame  fize,  fix  feet  from  the  hole  in  the  window-fliut  of  my  darkened  chamber,  fo 
th&t  the  rays 'might  pafs  through  the  fcreen  and  fall  on  a  prifm  placed  behind,  to  rtfrifk 
them  into  a  fmall  and  well  defined  fpe£lrum,  which  was  received' on  a  chart  two  feet  from 
the  prifm.  This  fpe£lrum  I  viewed  through  the  cryftal,  and  6f  coiirfe  faw  it  doubled ;  but 
the  two  images  were  by  no  means  parallel :  the  unufual  one  inclined  to  the  red,  and  its  violet 
i^as  confiderably  farther  removed  firom  the  videc  of  the  other,  than  the  two  reds  were  from 
one  another ;  which  ftiews  that  the  moft  refrangible  or  lealt  flexible  rays  were  fartheft  nsoved 
from  their  courie  by  the  unufual  aftion^  and  proves  this  to  be  very  different  from 
flexion*. 

From  all  thefe  obfervations  this  conclufion  follows :  that  the  remarkable  phenomenon  in 
:queftion  arifes  from  an  a£lion  very  diflS^rent  from  either  refradiion  or  flexion,  and  whofe  na* 
ture'wdl  deferves  to  be  farther  confidered.  It  may  poffibly  belong  to  the  particles  of  Iceland 
cryftal,  «nd  in  a  degree  to  thofe  of  rock  cryftal,  from  the  form  and  angles  of  the  rhomboidal 
pnafies  whereof  thefe  bodies  are  compofeif.  Nor  is  this  conjeAure  at  all  difproved  by  the  hSt^ 
Ihat^lafs  fliaped  like  thefe  bodies  wants  the  property ;  for  we  cannot  mould  the  particles  of 
i;lafs,  we  can  only  fliape  large  maftes  of  thefe ;  whereas  we  cannot  doubt  that  in  cr^ftallization 
the  fmalleft  mafles  affume  the  fame  form  with  the  largeft.  But  then  other  hypothefes  may 
|>erhaps  alfo  account  for  the  fa£t,  fuch  as  atmofpheres,  eledric  fluid,  &c.  ice, ;  fo  that  till 
farther  obfervations  are  made  we  ought  to  reft  contented  with  barely  fuggefting  the  query, 
in  the  mean  time,  referving  to  a  future  opportunity  fome  inquiries  concerning  the  chemioiL 

*  ^lien  a  candle  or  line  is  viewed  thxougha  dcq>  (pccimcn,  the  unufual  image  is  tinged  wjth  coloun. 
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properties  of  light,  and  the  nature  of  the  forces  which  bodies  exert  on  h  intenuDy,  I  con- 
clude at  prefent  with  a  fhort  fdmmary  of  propofitions.  But,  firft,  may  I  be  permitted  to  ex- 
prefs  a  hope,  that  what  has  been  already  attempted  (and  for  which  no  praife  can  be  claimed 
farther  than  what  is  due  to  attentive  obfervation,  according  to  the  rules  of  the  immortal 
Bacon)  may  prove  acceptable  to  fuch  as  love  to  admire  the  beautiful  regularity  of  nature, 
or  more  particularly  to  trace  her  operations,  as  exhibited  in  one  of  the  mod  pleafing,  mod 
important,  and  moft  unerring  walks  of  phyfical  fcience. 

Propofttion  L  The  fun's  light  confifts  of  parts  which  differ  in  degree  of  refrangity,  re- 
flexity,  inflexity,  and  deflexity  \  and  the  rays  which  are  moft  flexible  have  alfo  the  greateft 
refrangity,  reflexity,  and  flexity— -or  are  moft  refrangile,  reflexile,  and  flexile. 

Propofttion  IL  Rays  of  compound  light  paffing  through  the  fpheres  of  flexion,  and  falling 
on  the  bending  body,  are  not  feparated  by  their  flexibility,  either  in  their  approach  to,  or  re- 
turn from,  the  body* 

Propofition  III.  The  colours  of  thin  and  thofe  of  thick  plates  are  precifely  of  the  fame 
nature,  difFering  only  in  the  thicknefs-of  the  plate  which  forms  them. 

Pr9poJition  IV.  The  colours  of  plates  are  caufed  by  flexion,  and  may  be  produced  with- 
out any  tranfmiflion  whatever. 

Propoftion  V.  All  the  confequences  deducible  from  the  theory  i  priori  are  found  to  fol- 
low in  fa£^. 

Propofition  VI.  The  common  fringes  by  flexion  (called  hitherto  the  "  three  fringes**) 
are  found  to  be  as  numerous  as  the  others. 

Propofition  Mil.  The  unufual  image  by  Iceland  cryftal  is  caufed  by  fome  power  inherent 
in  Its  particles,  dffFerent  from  refraction,  reflexion,  and  flexion. 

Propofition  VIII.    This  power  refembles  refraSion  in  its  degree  of  adlion  on  diflferent  - 
rays;  but  it  refembles  flexion  within  the  body,  in  not  taking  place  ata  diftance  from  it,  in 
a6ting  as  well  on  perpendicular  as  on  oblique  rays,  and  in  its  fphere  or  (pace  of  exertion 
moving  with  the  particles  which  it  attends. 
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Ohfervations  on  Bituminous   Sub/lanas,  with  a  Defcription  of  the  Varieties  of  the  Elajlie 
Bitumen.    By  CHARLES  HatchetTj  Efq.  F.R.S.  Lond.  and  Edin.  F.L.S.  fefc.* 

-  SECT.  I. 

JL  T  is  now  generally  believed  that  the  bitumiiv>us  fubftances  are  not  of  mineral  origin^ 
but  that  they  have  been  formed  from  certain  principles  of  fubftances  belonging  to  the 
organized  kingdoms  of  Nature,  which,  after  the  lofs  of  animal  and  vegetable  life,  have  fufier- 
ed  confiderable  changes  by  long  contadl  and  union  with  mineral  bodies. 

Thefe  changes  have  been  however  fo  confiderable,  that  the  bitumens  can  no  longer  be  re- 
ferred to  their  firft  origin,  and  they  are  therefore  regarded  by  general  confcnt  as  forming 
part  of  the  prefent  mineral  fyftem. 

*  Read  Wfbre  the  Linnxan  Society  in  June  and  July  1797* 

VoL«  IL— August  1 798,  Dd  Tte 


202  Dlvljm  of  Bltttminons  SubJIanctU 

The  bitttmrnous  fubftances  are  : 

Naptha,  Jet, 

Petroleum,  Pit  Coal, 

Mineral  Tar,  Bituminous  Woodg 

Mineral  Pitch,  Turf, 

Afphaltum,  Peat,  and 

Ihofe  combinations  of  the  oxides  of  certain  tnetals  with  bitumen  caHed  Bituminous  Ores*. 

Thofe  who  are  acquainted  with  the  nature  of  thefc' fubftances  will  immediately  perceive, 
that  they  may  be  formed  into  two  divifions  :  the  firft  of  which  condfts  of  fimple  fpecies,  or 
unadulterated  bitumens :  and  the  fecond  is  compofed  of  bitumen  mixed  or  combined  with 
the  earths,  vegetable  matter,  and  metallic  oxides ;  fo  that  thefe  appear  to  merit  the  name  •£. 
compound  fpecies. 
I  (ball  now  firft  confider  how  the  Ample  fpecies  are  conne£ted  with  each  other. 

SECT.  II. 
IT  has  been  the  opinioa  of  fome  eminent  Naturalifts  and  Chemifts^  that  naptha  is  axi- 
ethereal  oil  produced  from  the  more  compa£l  and  folid  bitumens  by  a  fort  of  natural  diftilla*- 
tton.     This  however  appears  to  be  an  hypothefis  founded  upon  analogy,  and  fupported  only 
by  a  few  local  fadls,  which  may  often  be  queftioned.     But  many  fa£ls  and  obfervations  con«  - 
cur  to  prove  that  the  contrary  moft  frequently  happens,  and  that  the  compafl  bitumens  are 
bften,  if  not  always,  formed  from  naptha  and  petroleum  by  infpiflation.    I  will  not  however 
now  iniift  upon  the  proofs  of  this,  as  the  varieties  of  the  elaftic  bitumen^  which  I  (hall  foon 
defcribe,  will  be  fufficient  for  the  purpole  f. 

NAPTHA. 

Naptha  Ts  a  fubftance  well  known  to  Mineralogifts,  as  a  light,  thin,  often  cotburlefs  oil^- 
hrghly  odoriferous  and  inflammable,  which  is  fometimes  found  on  the  fur&ce  of  the  waters, 
of  fprings,  and  at  other  times  ilFuing  from  certain  ftrata. 

When  expofed  to  the  air,  it  becomes  at  firft  yellow,  afterwards  brown,  and  in  the  like 
proportion  it  thickens,  and  pafTes  into 

PETROL  OR  PETROLEUM. 

This  has  a  greafy  feel,  is  thicker  than  the  preceding  fubftance,  is  tranfparent  or  femi* 
tranfparent,  and  of  a  reddifh  or  blackifh  bro^n  colour.  By  air  it  becomes  like  tar^  and 
then  is  called 

•  As  I  intend  only  here  to  notice  the  modifications  ot  naptha  and  petroleum,  I  have  not  mentioned  ambe# 
aad  the  honey-ftone. 

•f  Bergman  was  of  opinion,  that  the  liquid  bitumen^  were  often,  if  not  always,  formed  from  thofe  which  are 
(olid,  by  the  means  of  fubtcrraneous  heat  \  and  expreffes  himfcif  thus  :  *<  Caeterum  ad  fidem  pronum  eft, 
naptham,  petroleum,  bituminorofque  liquores,  qui  bus  abundat  Afia,  plures  harum  materierum  exhibens  non 
tantOm  fcatungines,  fed  rivuius  quoque,  quibus  otiam,  parcius  licet  diftribatis,  Auftralis  Europanon  caret: 
probabile,  inquam,  eft,  has  pingucdines  liquidas  variis  antca  terris  inlLTfiflTe  cxficcatasy  et  mcdiante  ^lore 
fubterrancoy  (5  non  fcmpcr,  fape  lamen  fluidkatem  rccupcraflfe.  Novimus  ignem  in  alto  baud  rard  agere, 
quamvis  in  fuperHcic-  vix  obfcura  ejjfdcm  indicia  invcftigare  liccat:  novimus  prxterea  cltcco  aluminari  fchifto 
petroleum  extorqueri  jufto  caloris  £radu,  cui  arte  cxponitur.— Bergman  dc  Froduftis  Vulcaniis  Opufcula^ 
fDm«  uju  p.  a ^8. 
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MOUNTAIK  OR  MINERAL  TAR,  Bitumun  Petboleum  tirbe  rtltENS. 
Ttits  fubftance  is  vifcid,  and  of  a  rcddifh  or  blackifh  brown  or  blaclc.     When  burned,  it 
emits  a  difagreeable  bituminous  fincll,  and  by  expollire  to  the  air  it  pafles  iiiW 
MOUNTAIN  OR  MINERAL  PITCH— Bitumfn  Maltha. 
The  mineral  pitch  much  rcfembtes  common  pitrh,  and,  when  heated,  emits  aHfong  un- 
pleafant  odour,  like  the  farmer  fubftance.     When  the  weather  is  cold,  it  may  be  brolcen, 
and  then  exhibits,   internally,  a  glaffy  luflre;  but  when  warm,  it  is  Tofiencd,  and  poflKTes 
fomc  tenacity.     It  is  however  fufceptiblc  of  a  fuperior  degree  of  induration,  and  then  becomes 
ASPHALTUM — Bitumen  Asphalti/m — Petrolei'm  induratum. 
This  i?  a  light,  brittle  fubfhnce,  of  a  browniJh  blacl,,  or  black.     When  broken,  it  fliewa 
a  conchoidal  friflure  with  u  gla/Iy  lulVe.     It  has  little  of  the  bituminous  odour,  unlcfs  it  is 
rubbed  or  heated.     It  cafily  melts,  is  very  iiiRammable,  and,  when  pure,  burns  without 
leaving  any  afhes. 

In  this  manner,  naptha,  by  infpifTation,  paflts  fucce/TtvcIy  through  different  ftatcs  until  it 
becomes  afjihaltum,  which  appears  to  be  the  ultimate  degree  of  induration  which  the  pure 
bitumens  derived  from  naptha  can  receive. 

I  have  at  this  time  rpecimens  before  me  which  prove  thefe  gradations ;  and  I  have  fcen  a 
remarkable  inflancc  in  a  bitumen  brought  from  the  l/land  of  Trinidad,  which  exhibits 
mineral  tar  paffijig  into  mineral  pitch,  and  laflly  into  afphaltum'. 
SECT.  HI. 
THE  divifion  which  comprehends  the  fimple  bituminous  fubflanccs  derived  from  naptha, 
may  therefore  be  confidered  as  terminating  in  afphaltum: ;  but  nature  appears  to  have  glided 
on  by  an  uninterrupted  chain  which  connedls  ihc  fimple  bitumens  with  thofe  which  we  have 
called  compound  ;  and  this  elTeft  is  produced  by  the  gradual  increafe  of  the  carbonic  princi- 
ple, and  the  introduflion  of  extraneous  matter,  the  different  quantity  of  which,  together 
with  thcgreaterorlefs  degree  of  mixture  or  of  chemical  union,  occafionconfidcrable  changes 
in  thefc  fubftanccs,  fo  that  they  are  gradually  removed  from  thofe  chara^ers  which 
diftinguilli  the  pure  bitumens, 

To  form  an  accurate  table  of  thefe  gradations,  it  would  be  necelTary  to  have  comparative 
analyfes  of  the  different  bituminous  fubftances,  and  alfo  to  contraft  the  analyfes  with  the 
properties  of  thefe  bodies.  But  at  prefent  thefe  analyfes,  for  the  greater  parr,  are  wanting  ; 
and  although  at  fome  future  time  I  intend  to  attempt  a  feries  of  fuch  experiments,  1  muft 
now  content  myfelf  With  the  obfervaiions  and  fafls  which  I  have  been  able  to  colledif. 
•  Tile  progrcfTirt  changts  of  naptha  into  pttroltum,  miniral  tar,  mincial  pilch,  an  J  afplialiiim,  appMr  to  be 
cauTtd  b)i  the  gradual  diHipaiion  of  pan  of  ihc  hydrogen  of  the  bitumen,  anJ  die  confequcni  tlevclopmem  oz 
diff  ngagccncai  of  carbon.  Hence,  I  am  inchned  to  belioa,  arlfe  the  changes  of  colour,  the  dcgrcti  af  b. 
fpiCTntion,  and  the  incrcafed  proportion  of  carbon  found  in  thofe  fubftanccs  by  chemical  analyiis.  I  would  be 
uoderftood  bowevtt  lo  mean  iliat  ihc  earlioD  ii  only  relatively  incrcafei),  in  rcfpeft  to  tlie  other  ingredientt,  in 
a  given  quantity  of- thefe  biiumcnt,  and  that  it  predominates  in  proportion  to  the  diHipaiioa  of  a  certain 
poition  of  the  hydrogen,  which  wat  oiiginally  accelTaiy  to  the  forming  of  the  bitumen  in  conjunftion  tviih  the 

+  This  paper  was  wtiiten  and  read  before  I  had  fcen  the  ingeniou*  experiments  which  the  celebrated 
Mr.  Kirwan  hat  publilhcd,  lathe  laft  edition  of  his  Elements  of  Mineralogy— Vide  vol.  ii.  p.  514,  (or 
JhUof.  >juin.  I.  4i7.) 
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From  thefe  I  am  of  opinion,  that  the  moft  immediate  gradation  from  afphaltum  (which  it 
the  laft  of  the  fimple  bitumens)  into  thofe  which  are  compouadi  take$>  place  in  the  fub« 
fiance  called 

JET. 

Jet  is  a  fubftance  well  known  to  be  of  a  full  black,  fometimes  however  inclining  t« 
brown*  It  is  confiderably  harder  and  lefs  brittle  than  afphaltum.  It  breaks  with  a  con* 
choidail  fr-'^'irr,  and  ti^c  internal  luftre  is  glafly.  It  h^  no  odour  except  when  heated,  and 
it  I'ucn  reiembies  aipiiaituui.  It  melts  in  a  ilrohg  heat^  and,  when  burned,  leaves  an  earthy 
refiduuTi. 

Waiicrius  confidered  jet  as  afphaltum  which  had  become  indurated  by  time,  and  Mr. 
Fourcroy  is  of  the  fame  opinion  *•  Others  again  have  arranged  it  with  the  varieties  of 
coal  f.  I  am  inclined  however  to  believe,  that  it  is  neither  afphaltum  nor  coal,  but  an  in- 
termediate fubftance  which  may  be  regarded  as  the  iirft  gradation  from  the  fimple  bitumens 
into  thofe  which  are  compound.  The  matter  of  afphaltum  undoubtedly  enters  into  it  in  a 
large  proportion,  and  has  confequently  damped  feveral  of  its  chara<3ers  upon  it  \  but  the  in* 
creafe  of  carbon,  and  of  the  extraneous  or  earthy  matter  which  is  intimately  mixed  or 
rather  combined  with  it,  has  had  fo  much  influence,  that  the  chara£ters  of  coal  are  alfo  in 
fome  meafure  apparent,  and  are  rendered  the  more  ftriking  by  the  fimilarity  of  certain  local 
circumftances  which  attend  thefe  two  fubftances.  The  chara£lers  of  coal  are  however  by 
no  means  fully  e(labli(hed  in  jet ;  but  from  this  we  pafs  immediately  to  another,  in  which, 
thefe  chara£lers  cannot  be  queftioned. 

This  is  the  fubftance  called 

CANNEL  COAL, 

which  is  of  a  full  black,  of  a  fmooth,  folid,  even  texture;  it  breaks  in  any  direction,  and  the 
tranfverfe  frafture  is  conchoidal.  It  burns  well,  and  is  fo  compafb  that  it  is  often  employed^ 
like  jet,  to  be  formed  into  trinkets. 

The  great  refemblancQ  which  cannelcoal  has  to  jet  in  many  of  its  properties,  induces  me 
to  regard  it  as  the  next  gradation  of  the  compound  bituminous  fubftances,  and  as  the  lead- 
ing variety  of  coal  from  which  the  others  follow  according  to  the  degree  of  their  bituminous 
charaAer. 

The  limits  of  this  paper  will  not  allow  me  to  enter  into  a  circumftantial  account  of  all  the 
other  varieties  of  pit-coal  y  neither  is  it  neceflary,  after  the  gradations  of  afphaltum  to  jet^ 
and  of  jet  to  coal,  have  been  noticed.  I  fliall  not  therefore  defcribe  the  varieties  of  coal 
known  by  divers  names  in  different  countries,  and  even  in  different  provinces,  fuch  as  thofe 
called  in  England  caking  coal,  rock  coal,  fplent  coal,  &c.  &c. ;  but  fliall  only  obferve,  that 
the  pit  coals  in  general  appear  to  be  compofed  of  bitumen  intimately  mixed,  or  rather 
combined,  with  various  proportions*  of  carbon  and  earthy  matter;  and  according  to  the 
intimacy  of  the  union,  and  the  excefs  of  one  or  other  of  the  ingredients,  fo  the  com- 
pound pofleflfes  more  or  lefs  the  chara£lers  of  perfeA  coal,  or,  by  various  fliades,  paiTes 
into  certain  earthy  or  ftony  fubftances,  which,  although  impregnated  with  bitumen,  do- 

*  El^mens  d'Hift.  Nat.  et  de  Chimiey  torn.  iii.  p.  456. 
t  Widenmann's  Handbuch  dcr  Mineralogie^  p.  628. 
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rot  irerlt  the  fp[)e]Iation  of  coa!,  and  thefc  alfo  at  length  graduilly  loft  the  bituminous 
charafler  *. 

It  is  likewife  worthy  of  notice,  that  the  quantity  of  earthy  matter  does  not  appear  to  be 

the  principal  caufe  why  pit-coa!s  do  not  burn  with  the  rapiJity  which  is  to  be  perceived  in 
foinc  other  earthy  fubltances  imprejrnatcd  with  bitumen.  For  we  may  conclude,  that  the 
(low  combuftion  of  co.il  proceeds  frmi  the  joint  eftV-ils  produced  partly  by  the  relative  pro- 
portions of  the  bituminous,  carbonaceous,  and  eariliy  ingredients,  and  partly  by  the  more  or 
lefs  pcrfedt  degree  of  mixture  which  conncfls  them  together,  and  which  degree  of  mixture, 
I  believe,  in  many  cafes,  nearly  approaches  to  chemical  union,  if  not  a^ually  fo;  when, 
therefore,  the  degree  of  mixture  is  fy  perfcft  as  that  every  particle  of  bitumen  is  connefled 
with  much  carbon  or  earthy  matter,  it  is  not  furprifing  that  the  rapid  combullible  property 
of  the  former  (hould  be  checked  in  a  confiderable  degree;  and,  by  a  parity  of  reafoning, 
when  the  mixture  is  grofs  and  imperfe£t,  fo  that  it  confifts  of  a  flony  or  earthy  fubftance, 
which  has  fimply  imbibed  bitumen,  it  is  natural  to  expeil  th.U  the  biiumsn  {although  Icfs 
abundant  than  in  coal)  Ihould  enter  readily  Into  combuHlon,  which  ts  vehement  in  propor- 
tion to  the  Ihortnefs  of  its  duration ;  and  this  we  tind  to  be  tlie  cafe  in  many  earthy  fub- 
flances,  and  loofe  fand-iloi.es  which  are  fimply  impregnated  with  bitumen.— To  return, 
however,  to  the  varieties  of  coal,  I  muft  obferve,  that,  from  the  caufes  abovc-mcntioneif, 
the  different  characters  and  properties  of  coal  appear  to  me  to  be  produced.  That  in  this 
manner,  perfecl  pit-coal  paffes  into  fchillofe  or  llaty  coal ;  and  this  again,  by  certain  grada. 
tions,  pafles  into  the  varieties  of  combuflible  or  bituminous  fchiflus;  which  alfj,  by  the 
gradual  decreafe  of  the  bituminous  ingredient,  become  at  length  confounded  with  the 
-  varieties  of  the  common  or  argillaceous  fchillus. 

We  have  a  remarkable  example  of  this  in  the  gradations  of  bituminous  fchiflus  into 
argillaceous  fchiftus,  which  are  to  be  obferved  at  Kimmcridgc,  on  the  coaft  of  Dorfetfhir^ 
where  a  peculiar  bituminous  fchiftus  is  found,  which  Is  ufed  as  fuel  by  the  inhabitants,  and 
is  improperl)  called  Kimmeridge  coal. 

By  the  feries  of  gradations  which  have  been  noticed  in  the  foregoing  pages,  the  fimple 
bituminous  fubHances  appear  to  pafs  into  thofe  which  are  compound  ;  and  thcfe  alfo,  by  de- 
clining (hades,  aclall  pafs  into  fubftances  appertaining  to  the  ctafs  of  earths  and  (tones. 

In  the  compound  bituminous  fubftances  the  prevalent  earthy  ingredient  is  for  the  greater 
part  generally,  if  not  always,  argillaceous;  and  although   certain  Calcareous  grits  {fuch  as     ' 
the  Portland  Itone-f)  as  well  as  limeftones  and  marbles  are  found  impregnated  with  bitumen, 
yet  I  know  not  of  any  inftancc  in  which  this  happens  to  the  degree  requilite  to  form  a  com- 
buftiblc  fubftance, 

This  curfory  view  of  the  fimple  bitumens,  and  of  their  combinations,  would  be  fufficient 
as  an  introdu£tion  to  the  principal  fubje£l  of  this  paper  ;  but,  to  complete  the  feries,  I  Qiall 
make  fome  obfervations  on  the  vegetable  fublUnces  which  contain  bitumen,  and  Ihall  after- 
wards mention  the  mixtures  of  bitumen  with  metallic  oxides. 


le  of  coal,  and  th»t  ihe  pre- 
,  cvtn  reeni*  chiefly  (o  forai 


•  From  Mr.  Kirw^n's  eiptrimciits  it  appears  iliai  Mrbon  ii  a  conlliluenf  p 
fence  of  it  ii  a  prlucipal  criufe  of  tliofe  modifica clans  which  ptoducE  the  fpvcii 
llic  Kilkenny  coal, — Kirwan't  Element!  of  MincraJogy,  vol.  ii.  p.  511. 

f  The  Porilaaci  (tone,  when  recently  broken  in  (he  quarried,  cniiu  a  Ilrong  bitumiauut  oJoort  like  the  biiu- 
iiiiii[)U)Iinieltonei)rltink-&oiie.    Itiialfofullof  cxtraacout  fulGli,  orat  lealldie  vcftigetofiliem. 

SECT.  IV, 


•t^ 


'SUvmiMUi  J^eoJ,  Bwty  Csu!,  (jtt. 


SECT.  IV. 
"T\'HEN  we  confidcr  ihe  fafls  which  apparently  prove  that  vegetables  have  contributeJ 
principally  to  the  formatinn  of  bitamen,  wc  have  every  rcafon  tu  expcfi  thai  mixtures  of 
TcgelaWe  matter  with  bitu'neii  fhoulJ  fretjuently  occnr.  But  by  the  mixture  of  bitumca 
with  the  pans  of  vegetable',  we  underfland  the  remains  and  parts  of  vegetables  mixed  and 
connefled  with  the  bitumen  which  they  ihcmfelves  have  produced. 

This  fecms  to  be  the  niture  of  the  fubflaace  called 

BITUMINOUS  WOOD,  as  well  as  of  TURF  and  PEAT. 

BiTUMniOiti  or  fofh!  wood  is  found  in  many  places  j  but  in  refpecl  to  that  which  is  found 
at  Bovey,  near  Exeter,  and  which  is  therefore  called  Bovey  coal,  there  are  fome  peculiarities 
which  dcfcrvc  to  be  mentioned.  The  Bovey  coal  is  a  dark  brown,  light,  brittle  fubflance^ 
which  in  tCNture  and  other  external  jfroperties  much  refemblcs  wood  which  has  been  half 
charred.     It  is  not  found  as  fcattered  logs  or  trunks,  but  forms  regular  Urata. 

The  pits  are  on  a  heath  which  is  Sat  and  fandy  -,  the  ftratum  of  f^nd  is  however  but  thin| 
after  which  a  pale  brownlfh  grey  clay  is  found  mixed  with  quartz  pebbles.  This  prevails  to 
about  (ix  feet,  at  which  depth  the  firft  Uratum  of  the  coal  commences.  The  quality  of  this 
is  however  much  inferior  to  that  of  the  fubfequent  flrata,  which  in  all  amount  to  feventecn, 
producing  a  depth  of  nearly  fcveniy-four  feet  from  the  furflce.  Between  each  ftratum  of 
coal  is  a  (Iratum  of  clay.  The  dircClion  of  the  ftrata  is  from  eaft  lo  wefl,  and  the  tnclina- 
(ion  or  dip  is  from  twrth  to  fouth.  The  inferior  ftrata  are  thought  to  afford  the  beft  coal, 
and  the  coal  is  more  folld  and  of  a  better  quality  towards  the  fouih.  The  thickeft  ftratum 
of  coa!  is  from  fix  to  eight  feet  *. 

The  Bovcy  coal  burns  readily  with  a  flame  like  half- char  red  wood :  it  does  not  crackle, 
and,  if  but  moderately  burned,  forms  charcoal;  or  if  completely  burned,  it  leaves  a  fmalt 
quantity  of  white  aftics  cxaflly  fimilar  to  thofe  of  wood.  The  fmcll  of  it  when  burning  alio 
refembli'S  that  of  wood,  with  a  faint  difagreeable  odour.  It  is  certainly  very  remarkable 
that  this  fiibftancc  fliould  form  regular  ftrata,  ahhough  it  pofTelfes  the  texture  and  moft  of  the 
properties  of  wood  ;  and  that  thcfe  ftrata  do  not  exhibit  any  of  thofe  irregularities  on  iheir 
fitrfaccs,  which  might  be  expcded,  on  the  fuppofition  that  they  were  formed  by  the  roots, 
trunks,  and  branches  of  trees  long  buried  in  the  earth.  It  is  aifo  dilficult  to  imagine  wood 
to  have  been  tranfporied  and  dcpofited  in  this  place  at  fevcntcen  different  periods,  and  yet 
it  mufl  be  allowed  that  thefe  ftrata  have  been  formed  by  facceflive  operations.  I  muft  con- 
fcfs,  that  after  having  twice  vifited  and  examined  the  fpot  exprefsly  for  the  purpofe,  I  ftill 
find  myfelf  utterly  unable  to  offer  any  opinion  upon  the  fubje£l. 

The  charaflers  of  bitumen  are  but  little  apparent  in  the  Bovey  coal,  and  the  fuperior 
flrata  even  appear  to  have  loft  a  portion  of  their  combuftiblc  principle,  while  the  inferior 
ftrata  poflirfs  it.  The  lower  parts  alfo  of  thefe  ftrata  are  more  compai^  and  more  combuftiblc 
than  thofe  parts  which  are  immediately  upon  them  f. 

Another 
"  In  the  winwr,  twelve  men  can  raife  ibout  i  lo  tons  of  ihii  coal  it 
in  a  Dcighbouiing  poncry. 

f  Aiibout  loo  yard!  (oihe  wed  of  the  pin.  is  a  bog  of  confidenble  extent,  where  peat  it  cut,  and  deeijed 

,  however,  in  the  leafl  approach  to  the  nuure  of  the  Borcy 

coal. 


a  week,  Uie  whole  of  wliich  it  employed 


CMti  and  trunki  of  ireci  arc  found,  which  d< 


scliy.isilfdfouod 
Lumen,  aa<l<:miil» 


jRitrther  remarkaUe  fort  of  foflt!  wooJ,  which  much  rcfembles  the  Bovey  coal,  and  in  like 
manner  is  arranged  among  the  bituminous  woods,  is  that  found  in  Iceland,  which  is  called 
by  the  idh.ihilants  Surturbraiid.  This  is  rather  harder  ihjn  the  Bovey  coal,  but  in  every 
other  refpeft  is  the  fame.  It  alfo  forms  flrata  many  feet  in  thiclcnefs ;  but  it  is  very  extra- 
ordinary l^At  thefe  ftraia  appear  to  be  formed  of  trunks  of  trees,  which,  in  their  tranfvcrfc 
feflion,  exhibit  the  concentric  circles  of  their  annual  growth,  with  this  difference,  that  the 
trunks  have  been  fo  compreiTed  as  to  be  nearly  flat,  fo  itiai  the  circles  appear  like  parallel- 
lines  connected  at  their  extremities  by  a  flrori  curve. 

I  did  not  obfcrve  fuch  an  appearance  at  Bovey  i  but  this  would  depend  upon  the  pofition 
of  the  trunks  of  the  trees,  inrefpcdt  to  the  fedionijf  the  (Irata. 

Chaptal',  Troilf,  DirgmanJ,  and  many  others,  have  been  of  opinion  that  the  fufttjrbrand- 
ii  wood  which  has  been  charred  by  the  heat  of  the  lava.  But  I  cannot  difcern  why  it  Ihould' 
be  fuppofed  that  it  has  been  ailed  upon  by  lire,  any  more  than  thai  the  Bovey  coal  has  been 
fubjefted  to  the  cfFcfts  of  the  fame  agent.  The  qualities  of  the  two  fubllances  are  the  fume; 
and  as  (from  Archbiihop  Troil's  and  ProfeiTor  Bergman's  account]  the  furturbrand  is 
ftratified,  I  think  we  may  venture  to  pronounce  that  the  circuraftances  under  which  they 
are  found,  are  alfo  riimlar§.     The  whole,  therefore,  of  the  opinion  in  fawour  of  fire,  appears 

tcil.     Whcihtr  thii  bog  has  been  in  any  manner  conjiefled  with  the  formaiion  of  ihe  above- mcutloned  fub- 
flancc,  I  do  not  prcieod  Co  Jclermlnc. 

A  ycllowifh  brown  compact  robftati 
occafionally  with  the  Bovey  coal :  it  it 
fmoke  which  in  fmcll  refcmbJes  irabcr. 

•  ElemEiMi  of  Chcmiftry,  vol,  iii.  p.  199.. 

f  VoQ  Tioil'i  Leneri,  p.  43. 

t  Quid  de  ligno  fulTili  Illandiz  feniicndum  fii,  gnaro  in  loco  naiali  e 
Inicrca,  ut  cum  Vukani  opcrationibu!  ncxum  crcdamui,  pluret  fuadcn 
ignDrcmu^i  ijuo  (itum  icxturamqui  adi;i(i  five  runt  h^c  ftrats.  Scilicet  ir 
qualii  in  UlanfKi  nul!ibi  reperiuntuf,  et  at  quidem  hoe  tempore  crcfcer 
in  Amis  mullorum  pedum  cmlTuici  congcfti  funt  ct  peciDlto  plus  miiiu 
induraio,  a  quo  tjm  nigrurcTii,  quani  Hammx  Tub  defl:igraiiOne  quatju 
altcntioncm  mcretur,  elt  triincorum  in  lameilu  planai  comprcirio, 

Fonatnus  iruncum  atboris  cujufdain  trdnfverAm  re£tuni,  bine,  utl  notum  elt,  iigura  oritui  in  arbcm  rcdieni 
circiter  circujariE,  qux  omnia  monllrat  annotina  incrcnienta,  exiimo  propemodum  parailctii.  Fing^mui  jam 
lalcm  feflionem  in  tcnucm  laminam  lomprtffim,  et  veram  liabcbiraut  ligni  fjlTilis,  du  quo  heic  agitur,  it'edm  ; 
nam  In  miignis  hiijai  materia  frullis,  iranrverfim  fe£^i>,  qucmlibct  nnnotinoruin orbium  vifu  pccfetjui  licet,  iia 
plenimquc  costtum,  ut  duai  linear  ferepirallclai  cihibcat,  quarucn  enrtma  bnvi  Rexura  func  Bdundta.--Qu^ 
jMiem  inunanii  nqiuritur  vis,  ut  truocus  cylindricui  ita  camplanetur!  Nanne  ante^i  panicutariim  nexua 
piUrcdinl&quedam  gradu  fuerit  rclaxatuv?  Certe,  nifi  compages  ii-ioJammodo  mutatur,  qui^dtibct  pondut  in- 
cumbent huiccActiui  eiit  impnr.     CaetcriliD  tde|Dobrcrvaiurpha:D(imeni)n  in  omnLfchifloargillBCEO, 

Onhoccraiitx,  qiix  in  llrato  calcuco  conicam  iiguram  ^erfc^e  fcrvanj,  in  Ichillo  pUnuoi  fcie  iriAnguIarc 
compteHlone  efficiunt.  Idem  vakt  dc  pifdbui,  eoncliis,  infeitifque  pttrifaflis,  Caufa  adliuc  latci.  fed  in 
titroque  cafu  fine  dubio  eadem  ell,-  ci  digna  qux  ext>l<]retur.  Obfcnaiu  quofjuc  dignum  elt.  quod  idem 
repcriaturitTcAui,  quamvis  Rraium  calcareum  fub  (cbilto  collacatum  Jk  «t  majori  idco  pondere  ccm[irimrtite 
ooultum.— ^Bergman  de  ProduAis  Vulcaniis  Opufculn,  lom.  iii.  p,  ijg,  . 

§  ■■  Ii  if  found  (the  furturbi'and)  in  many  parliof  Icdand,  generally  in  the  mountain*,  in  horiionfal  bcd>| 
fumelimc«  more  iban  one  it  to  be  met  Aitli,  as  in  the  inounuin  of  Liett  In  Bitrdcftrznd,.  where  four  filvta  of 
Xurturbiaud  arc  fousd  alternately  tvith  diflercnt  kinds  of  tlonc,''-'T[QiI's  Letters,  p.  4a. 


;,  which  in  colourand  frafiure  refeniblci  fermgino 
iriitic,  and  ii  highly  inHammabIc ;  ii  mi;It9  like  a  I 
This  fubftancc  i«  but  rarcLy  found. 


tntemplatori  decidtrdum  relinquimui. 
[  rationei,  quamvik  hue  ulqoe  moduiu 
uncii  arborum  pcrquam  cralHi  coiifiant, 
e  poffe  viilcWu*'.  Hi  fitu  horiioniali 
,  non  jam  molli,  fed  optimfi 
aiitur.     Sed  quod  in  primi* 


tioS  7%#  Deifil^mnii  •f  CatUn  in  v$gitdhU  Matter. 

to  reft  on  the  volcanic  nature  of  Iceland  \  but  it  furely  would  be  going  too  far  were  wc  \M 
afcribe  to  fire  all  the  phenomena  \yhich  are  obfenred  in  volcanic  countries. 
.    Bovey  coal,  like  the furcurbrand, refembles  half^charred  wood;  and  I  will  allow,  and  in<- 
deed  am  difpofed  to  believe,  that  it  is  in  a  ftate  nearly  limllar ;  but  from  this  it  does  not  follow 
that  fire  has  been  the  caufe. 

Carbon  is  known  to  be  one  of  the  grand  principles  of  vegetables,  and  alfo  as  that  which  is 
die  mod  fixed,  excepting  the  fmall  portion  of  the  earths  contained  in  them.  As  a  fixed  prin- 
ciple, carbon  appears  to  form,  in  great  meafure,  the  vegetable  fibre  ;  and  after  a  certain  de« 
gree  of  combuftion,  (by  which  the  other  principles  have  been  diffipated,}  it  remains,  and  the 
particles  of  it  keep  the  fame  arrangement  which  they  pofTcfled  when  the  vegetable  was  com- 
plete. If,  however,  the  combuftion  has  been  carried  on  with  the  free  accefs  of  air,  the 
carbon  enters  into  combination  with  oxygen  and  caloric,  and  forms  carbonic  acid. 

We  have  many  examples  in  which  carbon  is  formed  or  rather  liberated  from  thofe  fub- 
ftances  with  which  it  was  combined  in  vegetables;  and  thefe  are  now  explained  as  effects 
fimilar*to  thofe  of  combuftion,  although  fire  has  not  been  the  caufe.  In  both  cafes  the  car- 
1)011  lias  1>een  freed  from  the  more  volatile  principles ;  and  under  circumftances  not 
favourable  to  the  union  of  carbon  with  oxygen^  the  former  mud  neceilarily  remain  more  or 
lefsundiminifhed. 

During  tKe  combuftion  of  vegetable  matter,  the  more  volatile  principles  contained  in  the 
vegetable  fibre  (which  with  carbon  alfo  form  the  refinous  and  other  fimilar  fubflances)  ap- 
pear to  be  firft  feparated;  and  in  proportion  to  this  feparation,  the  other  more  fixed  fub* 
ftance,  which  we  call  carbon,  is  developed. 

Thus,  by  the  progrefs  of  combuftion,  wood  becomes  brown,  and  afterwards  black ;  fo 
tha(  the  ftate  of  the  wood  (hews  the  degree  of  combuftion  to  which  Jt  has  been  fubje^ed,  ofi 
in  other  words,  how  far  the  feparation  of  the  other  principles  from  carbon  has  be^A 
^fFefled. 

Combuftion  is  therefore  a  fpecies  of  analyfis  bjr  which  the  principles  of  vegetables  are 
feparated,  according  to  their  affinities,  and  according  to  their  degree  of  volatility.  By  this 
operation  hydrogen  and  azote  (if  it  be  prefent  in  the  vegetable)  are  firft  difengaged  and  form 
new  combinations,  while  the  carbon  is  the  laft  which  is  a£led  upon ;  fo  that  unlefs  a  fufficient 
quantity  of  oxygen  be  prefent,  it  remains  fixed  and  unchanged. 

But  the  fame  feparation  of  the  vegetable  principles  happens  whenever  vegetables  in  the 
full  pofleffion  of  their  juices  areexpofed  to  circumftances  which  favour  the  putrid  fermenta* 
tion.— As  in  combuftion,  fo  by  the  progrefs  of  putre&fl:ion  does  the  vegetable  lofe  its  colour, 
become  brown,  and  afterwards  black ;  at  the  (ame  time  a  gas  is  difcharged,  which  is  com« 
|K>fed  of  hydrogen,  azote,  and  carbonic  acid. 

When  combuftion  is  long  continued  with  the  fifce  accefs  of  air,  the  whole  of  the  carbon  is 
diffipated  in  the  ftate  of  carbonic  acid  j  but  in  the  procefs  of  putrefaction  a  confiderable 
.portion  of  carbon  commonly  remains  even  long  after  the  putrid  fermentation  has  ceafed. 
Although,  therefore,  it  is  as  readily  developed  by  putrefa£tion  as  by  combuftion,  it  is  not, 
however,  when  liberated  from  the  other  principles,  fo  fpeedily  diffipated  by  the  former  as  by 
the  latter  procefe. 

According  to  the  degree  of  combuftion  within  certain  limits  the  carbon  is  more  or  lefs 
apparent,  and  the  like  prevaUs  according  to  the  degree  of  putrefedion  i  fo  that  whenever 

the 


.  \t 


Caihsii,'»^On  the  MuUlpiiculUn  6/  Expert rnefits,  ^oq 

the  caufcs  which  have  promoted. this  fpecics  cf  fcrmenution  have  ceafcd,  the  vegetaMe  fub- 
ftance  will  remain  with  more  or  lefs  of  its  firft  principles,  and  with  more  or  lefs  vilible  car- 
bonic  matter,  according  to  the  degree  of  putrefaction  which  has  prevailed,  and  the  vegetable 
fubflance  will  confequently  have  the  appearance  and  properties  of  wood  which  has  been 
charred  more  or  lefs. 

To  this  caufe,  therefore,  I  anvinclined  to  attribute  the  formation  and  appearance  of  the 
Bovey  coal  and  furturbrand  j  audi  believe  that  the  portion  of  oily  and  bituminous  m*.*»^cr, 
which  I  have  obtained  from  them  by  diftillation,  is  nothing  more  than  the  remainder  of  tht 
vegetable  oils  and  juices  which  have  been  partly  moJifted  by  mineral  agents  *• 

[  To  he  coniimied.  ] 


iir. 

A^  Methods  of  affording^  at  an  inconfiderahle  Expence^  the  Heat  and  the  TVater  required^Jor 

performing  Experiments  in  Ckcmi/iry,      By  Citizen  GurTO^\. 

JL  HERE  is  butbne  fure  road  to  arrive  at  truth  in  natural  phtlofophy,  namely,  by  con- 
fulling  nature  herfelf  by  experiments.  Independent  €f  the  fagacity  neceffary  to  dircft  thcfe 
to  objefts  prccifely  determinate,  and  to  combine  the  means  of  operating,  there  is  like  wife  an 
art  of  performing  them,  or,  to  fpeak  ihore  properly,  of  giving  facility  without  diminifhing 
the  certainty  of  their  refults.  To  awaken  the  induftry  of  philofophers  with  regard  to  fuch 
>cefources  as  may  be  obtained  for  the  multiplication  of  experiments  at  the  lead  poffible  cod, 
muft  therefore  be  a  labour  of  utility  to  the  advancement  of  fciencc.  When  Franklin  was 
aflced  how  he  could  aflTord  the  charges  of  his  experiments  on  ele£tricity,  at  a  time  when  he 
was  farfrom  being  in  circumftances  of  independence,  he  replied,  that  a  man  who  could  n6t 
faw  with  a  gimblet,  and  bore  with  a  faw,  was  not  fit  for  an  experimental  philofopher.  The 
fer vices  which  Bergman  has' rendered  to  chemiftry,  and  particularly  to  mineralogy,  by  the 
introdu£lion  of  the  blow-pipe,  are  well  known*  What  a  number  of  valuable  obfervations 
would  ftill  be  wanting,  if  he  had  not  put  this  inftrument  into  the  hands  of  thofe  who  were 
unable  to  procure,  or  have  accefs  to  the  furnaces  of  the  elaboratory ! 

it  is  in  confequence  of  thefe  reflexions,  and  the  invitation  I  have  received  for  thatpurpofe, 
that  I  have  determined  to  defcribe  the  fmall  manipulations  by  which  I  obtain  a  very  condder  • 
able  £ivtng  of  fuel  and  of  diftilled  water  in  chemical  experiments,  to  which  I  may  add  the 
laving  of  time^  that  moft  ineftimable  of  all  the  defiderau  for  experimental  refearch. 

*  <<  Coal  not  only  forms  the  refiduum  of  alt  Tegetable  fubftances  that  have  undergone  a  flow  and  fmothcred 
combuflion,  that  is,  to  which  the  free  accefs  of  air  has  been  prevented,  but  alfo  of  all  putrid  vegetable  and 
snimal  bodies :  hence  it  is  found  in  vegetable  and  animal  manures  that  have  undergone  putrefadtion,  and  is  the 
true  bafis  of  tbeir  ameliorating  powers :  if  the  water  that  paflet'through  a  putrefying  dunghill  he  examined,  it 
will  be  found  of  a  brown  colour ;  and  if  fubje^d  to  evaporation,  the  principal  part  of  the  refiduum  will  be 
foond  to  confift  of  coal.  AH  foils  fteeped  in  water  communicate  the  fame  colour  to  it  in  proportion  to  their 
fertility;  and  this  water  being  evaporated,  leaves  al/b  a  coal,  as  Meflrs.  Haflenfraz  and  Fourcroy  attefl."i* 
Hirwan  on  Manures,  p.  154,  vol.  v.  of  the  Tranfa^iont  of  the  Royal  Irilh  Academy. 

^  Read-before  the  National  Inftitute  of  FraiMc,  the  a6th  Brumaire,  in  the  year  ^,  and  infcrted  in  the  a^tk 
vohiroe  of  the  .Aantles  de  Chimin,  page  3  n. 
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no  CoMfiruRion  cf  an  Ecorumcal  Labor  at  or/-. 

Indiefecond  volume  of  the  memoirs  of  the  ancient  academy  of  Dijon,  I  gave  a  defcrip^ 
tion  of  a  box  containing  a  kind  of  portable  laboratory^  compofed  of  a  lamp  with  three  wicks^. 
difpofed  in  the  figure  of  an  equilateral  triangle,  to  form  an  internal  current  of  air,  with  fup- 
ports  for  the  different  ved^ls  of  digeftion,  diftillation,  evaporation,  dec  I  made  a  folution 
of  filver  with  comison  aqua  fortis  and  the  metal  in  aji  alloyed  ftate^  which  anfwered  very 
well  as  a  re-agent,  without  having  occafion  for  any  other  utenfils  but  this  box  and  apothecary't 
phial3>  which  are  every  where  to  be  found.  A  number  of  diefe  boxes  have  been  fitted  q{» 
by  Citizen  Dumoiitier,.  mote  particularly  for  travellers,,  and  I  have  reafon  to  think  that  they 
have  proved  ufefuk  Bui  this  apparattis  muft  ncceffarily  be  confined  iaks  appli2:ation,  an^^ 
is  differcBt  from  the  objef^  I  purpofe  to  defcribe  at  prefent.. 

Ten  years  ago,  1  conftwiacd  a  lamp,  on  the  principles  of  Citiaen  Argand^  with  three  con* 
centric  circular  wicks,  each  having  an  interior  and  exterior  current  of  air.  The  tfkCt  fur* 
pafTed  my  expefiations  with  regard  to  the  intenfity  of  the  heat;  but  it  was  difficult  to  pre^ 
vent  the  deflruAion  of  the  hard  fohier  round'  the  wicks  -y  and  the  glafs  retorts  were  frequently 
melted  at  the  bottom,  anddisfigured:  It  may  eafily  be  imagined,  that  the  quantity  of  oil  coii- 
fumed  was  confiderable ;  and  as  it  could  not  be  ufed  at  the  fame  time  for  giving  light,  it*b|id} 
to  fay  the  truth,  uo  more  than  a  remote  applic^tioa  to  the  obje^  of  the  prefent  oommuni* 
cation. 

A  fhort  time  afterwardu it  occurred* to  me,  to  fubftitute,  tnflead  of  the  glafsohimney  of 
Argand^s  lamp,  a  eyltnder  of  copper  with  an  indented  part  or  ledge  a  few  millimetres  *  above 
the  flame,  to  perform  tfat  office  of  the  indinted  chimney  of  glafs,  and  by  that  means  ta 
render  it  pradiQable  to  raife  the  wi«k  to  a  certain  heigbl  without  fmoking.  This 
cylinder  has  three  branches  liite  a  chaffing*dilb..  By  this  apparatus  two  or  three  decilitres 
of  water  (about  half  an  Ehglifh  wihe  pint)  may  be  brought  to  boil  in  a  copper  or  glafs  veflcl 
to  about  fix  or  feven  minutes.  It  has  ferved^and*!  ftitl'ufe  it,  (bra  number  of  operations ;. 
but  it.  was  not  t^lt"  after  1  had  obferved*  the  degree  of  heat  obtained-  from  the  lamp  ia<its  ordt* 
nary  ftate,  and  particularly  fince  i  have  fubfHtuted  inflead  of  the  metallic  tube- a  efaimney  of 
ghili  cut  ofT  at  the  length  of  three  centimetres  (rather  nK)re  than  one  Englifliiinch)  abofv 
the  contraAion,  that  I  perceived  all  the  advantages  it  was  capable  of  aiFording;  and  that  by 
means  of  a  moveable  ftipport  for  the  reception  oflhe  diffisrent  veflels,  which  may  be  fixed  at 
pleafure  by  a  thumb- fcrew^^  this  lamp  furnace,  at  the  fame  time  that  it  gives  light,  and  con* 
ftquenity  Without  any  additiona^expence,  may  with  facility  be  ufed  for  almoftevorji^  one  of 
the  operations  of  chemiftry;  fuch  as  digefKons,  fdUtions,  cryftatU^ttens,  concemfstiomi 
the  reAification  of  acids  \  diflilhtions  on  the  fand-bath,  or  by  the  naked  fire;  lootnenitkBit 
of  the  niufl  refra£fcory  refidues;  analyfes  with  the  pneunutic  apparatus,  or'of  minetab  by  |be 
U&ne  fufion,  &c.  &c.  I  have  not  hitherto  met  with  any  exception  but  for  complete  vitri? 
fications  and  cupellattons ;  for  even  the  diftillations  to  dryneft  may  be  performod.widi  Affng 
precautions,  fuch  as  that  of  transferring  the  matter  into  a  imaQ  retort  Uown^bjf  the  ens* 
meller's  lamp,  ^nd  placing  its  bottom  on  a  little  fknd-bath  in  a  thin  metalltc  dtOi. 

The  fupport,,  here  mentioned,  is  fimply  a  copper  ring  eight  cemiaietrei  (3,15  incli);ih 
diameter,  which  is  raifcd  or  lowered  by  Aiding  on  a  ftem  of  the  fame  metak  It  Js  delbribc^ 
in  the  memoirs  pf  the  academy  of  Dijon  as  part  of  the  portable  laboratory  j:  fiv  whicb  Kalba 

^  For  the  yaluc  ef  thp  new  meafurcs  and  wd^  of  FnnccjL  fee  PhiliC  Jowiul,  1. 33a* 
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• 

!t1s  unncccffary  to  fpeik  more  largely  of  it  in  this  place*.  Nothing  more  was  requircdbut  Co 
adapt  it  to  the  fquare  iron  fteii  which  pafles  through  the  refervoir  of  .the  lamp.  Theconnec« 
tion  is  made  by  a  piece  of  wood,  in  order  that  lefs  of  the  heat  might  be  difperfed.  As  the  lamp 
itfelf  is  capable  of  being  moved  on  its  ftem,  it  is  eafy  to  bting  it  nearer  or  remove  it  at 
pleafurc  from  the  vcflelsy  which  remain  fixed;  a  circumftance  which,  independent  of  the  ele- 
vation Of  depreflion  of  the  wick,  affords  the  means  of  heating  fhc  retorts  by  degrees,  of 
moderating  or  fupprefling  the  fire  nillancly,  or  of  maintaining  it  for  feveral  hours  at  a  con« 
ftant  or  determinate  intenfity,  from  the  almoil  infenfible  evaporation  of  cryftallizable  folu* 
tjons  to  the  ebullition  of  acids ;  properties  never  poflcfTed  by  the  athanor,  of  which  chemifts 
have  boafted  fo  much.  The  advantage  of  thefe  will  be  properly  valued  by  thofe  operator^^ 
who  know  that  the  moft  experienced  and  the  mod  attentive  chemifls  meet  with  frequent  ac-: 
cidents^by  which  both  their  vefTcls  and  the  produfls  of  their  operations  are  lofti  for  want  of 
power  in  the  management  of  the  fire. 

I  muft  here  enter  into  finne  detail,  in  order  to  eftabiifh  upon  pofitive  fads  the  poffibSttf 
of  applying  the  heatof  a  lamp  to  the  operations  I  have  enumerated,  as  well  as  to  coaimuni* 
cate  the  refults  of  my  experience  to  thofe  who  in  preference,  or  for  want  of  more  extenfive 
means,  n^y  be  inclined  to  ufe  this  apparatus.  I  do  not  heitute  to  (ay  in  preference  )  for,  in 
the  beft  appointed  laboratory,  the  lamp  will  alio  be  ufed  in  fuch  operations  as  may  be  made 
with  equal  facility  on  the  fame  quantities,  in  much  lefs  time  and  more  conveniently  than  bjr 
the  fire  of  a  furnace,  by  burning  in  the  former  infhince  one  or  two  decimes  (or  penny- 
worths) of  oil  inftead  of  five  or  fix  decimes  of  charcoal.  The  proof  of  this  has  been  made 
in  the  laboratory  of  the  Polytechnic  School,  at  the  conclufion  of  my  laft  courfe. 

For  the  analyfis  of  ftones,  fuch  as  the  cryftals  of  tin,  on  which  I  operated  before  the  daft 
at  the  fcffion  of  the  firft  Meffidor  laft,  I  ufe  the  (hortened  chimney  of  glafs.     I  begin  by 
placing  the  mixture  in  a  capfule  of  platina  or  filver  of  (even  centimetres  (2^  inches  Engliih) 
in  diameter.     I  place  this  capfule  on  the  fupport,  and  regulate  the  heat  in  fuch  a  mamier 
that  ebullition  (hall  take  place  without  throwing  any  portion  of  the  matter  out  of  the  vefTel. 
As  foon  as  its  contents  are  perfeftly  dry,  I  transfer  them  into  a  very  thin  crucible  of 
phtifia,  of  which  the  weight  is  not  quite  eleven  grammes  (252!^  grains  Englifh),  andiu' 
diameter  forty-five  millimetres  {i^  inch' Engli(h).    This  crucible  refts  on  a  fmall  fupport 
of  ifon-wirc,  which  fervcs  to  contraft  the  ring  ;  and  the  wick  being  at  its  greatcft  elevation, 
with  the  ring  lowered  to  the  diftance  of  twenty-five  millimetres  (9  J  inches  £ngli(h)  from.- 
the  upper  rim  of  the  glafs  chimney,  I  produce  in  lefs  than  tvirenty  minutes  the  faline  fufion 
to  (iidi  a  degree,  that  from  the  commencement  of  the  operation  the  decompofition  proceeds 
as  &r  as  to  0,70  of  the  mineral  f. 

The  (ame  apparatus,  Aai  is  to  fay,  with  the  (hortened  chimney,  ferves  for  oxidations,  in* 
cinerations,  torrefii£Uons,  and  diftillations  to  dryncfs. 

In  fuch  operations  as  require  a  lefs  heat,  I  leave  the  lamp  with  its  large  chimney  abfolute- 
ly  in  the  (ame  fbte  as  when  it  is  oied  for  illumination;  and  by  raifing  and  lowering  either 

•  Several  philofophers  who  have  (een  this  apparatus  at  work,  having  requeued  me  to  give  a  drawing,  I  have 
aacordingly  annexed  a  defcription  of  the  figures,  which  repreftnt  the  whole  toother  at  the  end  of  this  memoir. 
X  think  it  nay  be  cailpd  the  Economical  Laboratory. 

t  See  the  Annales  de  Chiiaie,  xxiv.  131 ;  or  our  Journal,  I.  545* 
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the  ring  which  faf^ports  the  veffcl,  or  the  body  of  the  lamp  if  the  veiTels  befii:e(l*in  communi- 
cation witht>ihcTs,  I  graduate  the  heat  at  pleafure.     Vinegar  diftils  without  interruption  at 
fijtxentimetres  ( i\  inches  EjigHlh)  from  the  upper  terminatioa.of  the  chimney,  that  is  to  faj^. 
at  19 centimetres  (:i  inches  Lnglifti).  from  the  Qtnie.     Water  is  made  to  boil  in  eighth 
minutes^  at  the  fame  height^  in  a  glafs  veffel  containing  five  decilitres  (one  wine  pint  Englifc)^ 
and  is  uniformly  maintained  at  the  diflance  of  twenty-rtwo  centimetres  (8y  inches)  from  thc^ 
fhime.     It  will  foon  be  (hewn,   that  I  have  another  method  of  fupplying  chemifts  with 
diftilled  water ;  fo  that  I  fcarcely  ever  repeat  this  operation  but  when  I  have  no  other  fup- 
ply  at  hand,  or  am  dcfirous  of  avoiding  ali  trouble  whatfocvcr.     In  this  cafe,  I  obtain  two  oi;-. 
three  decilitres  (or  quarter  pints)  >of  water  in  the  courfe  of  a  winter  evening,  without  ihe 
lead  portion  of  my  time  bc:ing  employed  in  attending  to  the  operation.  . 

•.I  mud  not  in  this  place  omit  to  mention  a  ilight  obfervation  which  this  procefs  has  afForded^,. 
becaufe  it  may  lead  to  ufcful  application^  and  tends  to  point  out  one  great  ad  vantage  oftbia 
f^ethod  of  operating  \  namely,  that  an  infinity  of  ciccumftances  mayi)e  perceived,  which  . 
n)ight  not  even  be  fufpe^lod  when  the  whole  procefs  U  carried  on  within  a  furnace*     I  have 
remarked,  as  did  like  wife  feveral  of  my.  colleagues  who  were  then  prefent^  that  a  columa  - 
of  bubbles  conftantly  rofe  froin  a  fixed  point  of  the  retort  on  one  fide  of  the  bottom.     Wjq 
were  of  opinion,  that  fome  particle  of  matter  was  in  that  place  incorporated  with. the:  glais, 
which  had  a  different  capacity  (probably  conducing  power)  for  heat  from  that  of  the  ref^  of 
the  glafs.     In  order  to  verify  this  conjecture,  I  endeavoured  the  following  day  to  ditlil  the- 
fame  quantity,  of  the  fame  water  in  the  fame  retort,  after  having  introdaced  a  button  of  i 
cupelled  filver,  weighing,  nine  decig^-ammes  (:(o^  grains),.    At  the  coaunencea>entof  the-r 
Qixilation  there  was  a  fmall  ftreacn  of  bubbles  from  the  fame  poifit  as  before^  but  a  (hort 
tune  afterwards,  and  during  the  whole  remaining  time  of  operating,  the  largeft  and  mofl  in-  - 
oeflant  dream  of  bubbles  rofe  from  the  circumference  of  the  button,  which  was< often  di&^ 
placed  by  the  motion;  and  in  proportion  to  the  time  the  prod u£i  of  the  diftillation  wa$ 
ftnfibly  greater.    Whence  we  may  conclude,  that  nsetalHc  wires  or  rods,  diftributed  through  -r 
a  ma&  of* water  required  to  be  kept  in  a  ftate  of  ebullition,  and.  placed  a  little  below  its  fur«  .. 
fece,  would  produce,  without  any  greater  ejQpence  of  fuel,  nearly  the  fame  efFedk  as  tbiiet- 
cylinders  filled  with  ignited  matter  which  are  made  to  pafs  through  the  boilers  *. 

It  nofw  remains  tofhew  the  economical  method  of  fupplying  the  water, neceHarv.  for  expe« 
rimeiits. 

When  water  is  mentioned  in  chemiftty^  pure  water  is  always  meant.     lo  medical  pre-, 
fcriptions  it  is  ufual  to  prefcribe  fpring  water,  though  in  many  places  the  water  of  fpringsor , 
ftreams  is  more  loaded  with  feleniteor  fi»lphate  of  lime  than  the  well  \vater, of  other  places.. 
iThc  fame  reo^uJs;. raiay  be  applied  to  river  water,,  which  i^  np  doubt  mo^e  wholcfomc  than 

•  When  we  attempt  to  reafon  on  this  curious  fa€l  of  the  metallic  button,  there  are  vario^-  circumftaocet 
which  require  to  be  cpnfidercd.     It  does  not  fecm  probable,  that  a  larger  quantity  of  a  fluid  CBn.be  rendeied  . 
cbftic  by  a  given  quantity  of  heat,  unlefs  wc  fuppofe  part  of  the  heat  to  tiave  been  waded  in  the.  former  pit)* 
cefs.     Docs  the  metal,  by  the  excellence  of  it?  conducting  po\ver>  convey  a  portion  of  the  neat  more  readity  into    . 
the  mafs  of  liquid  than  might  have  been  done  by  the  ordinary  proctrfs  of  circulntion  }  Or  is  the  thin  iltatum  be- 
nearfi  the  button  fo  far  infulatcd  as  to  become  more  fuddenly  elaaic,  and,  by  riling  in  that  ftate  to  the  furiao^ 
to  increafc  the  rapidity  of  circulation,  and  the  number  of  points  at  which  vapour  can  cfcapc  }  Would  a  t»ft  o£. 
filver  wire  produce  the  fame  cffeft  ?  &c.  &c.     N. 


Kafy  Method  of  rindiritig  IVahr  piffeSily  p\iri.  %isf: 

tlife^ater  of  weUs  in  places  where  Arlenite  or  plaifter  abounds,,  but  wbicb-^ ai«  4ievi^tbeftl% 
fdr  from  being  pure,  and  are  nBceflkrtly  fubje^  to  vary  according  to  the  quantity  of  iTAMi) 
•  water  whiah  dilutes  that  which  has  remained  upon  the  ibliibk  matter. 

Recourfe  is  therefore  had  to  dillillation,  to  purify  the  water  employed  in  laboratories  ;  but 
if  on  the  one  hand  we  confider  the  labour  and  expence  it  requires^  and  on  the  othep  hand  th^ 
quantity  which  itis  neceiTary  to  have  in  readinefs  for  the  fnialleft  operations  ;•  k.  will  flotj 
arppear  furprHtrig^  vAen-  L.aflerr,  that  there  a^e  few  dnysiinwhich  n  oheniift  doesnM  avdd 
making  fome  experiment,  or  obtain  uncertain  refults,  for  wantof  having  due  article  in Jiifl 
ppwen-    Ic  is  only- with  diftilled  water  that  perfect  reagents  can  be  prepared  ^^iitilled  .water 
is  confumedin  infafions,  macerations,  folutions,  and  ediilcorations  >  repeated iot ions  demaodr- 
a-  large  quantity,  of  this  fluid ;  it  ought  to  be  ufed  even  for  rinfing  vefleJs ;-  and  in  order  to 
avdid  deceitful  concltUions,  n  is^even  proper  toufe  it  in  the  hydropneamatic  veflTds. 

I  have  Idrtg  be^n  in  the  habit  of  fupplj4rtg  moftof^  thefe  demands  with  rain  'water ;  nor; 
with  that  which  is  direflly  received,  though  in  fad  it  is  of  confideTable  purityi^partlcuiaiiy^. 
in  countries^  where  there  is  no  reafon  to  fear  that  plaifter  (bould  rife  with  the  duft  \  bat  the 
quantity  of  this  would  be  too  fmall.     I  have,  therefore,  ufed  water  collefted  with  care  fr'om-' 
the  roofs  of  houfts  after  the  rain  his  wafhed  the  furface.     1  filter  it  without  delay ;  and  in 
this'm'anner  fi-om  tiine  to  time  I  obtain  a  conftderable  proviAdn,  without  much  labour*  and ^aT^ 
no  expence.     Bttt  it  is  evident,  that  in  order  to  depend  on  the  purity  of  this- waxer,   it  ir 
n^eflary  that  there  fhould  be  no  gypfeous  matter  in  the  con^pofitioii  of  the  mortar  6f  th#.' 
roof,  or  the  plaidering  of  the  chimneys.     This  condition  does  iK>t«obtam  at  Pitris  ;    mfo^'^ 
much  that  I  have  fometimes  found  the  firft  water  of  the  gutters  more  fblenitous  than  that 
of  the  Seine  in  the  time  of  floods.     I  have  thought  of  a  method  of  fiip|4>infg  this  refourcfc,  \ 
bf  a  procefs  which  may  be  ufed  in  all  countries ;  and  the  fnccefs^which  has  Mendedrnfy-'i 
trials  renders  it  a  duty  to  communicate  it,  in  oi^er  to  place  tfae>  inftruments  of  analyfia-iit'^ 
the  hands  of  a  greater  number  of  operators.  . 

Rain  water  colleAed  from  the  roofs  of  houfes.  which  have  been  previoufly  wafbed,  cannot,' , 
and  in  fa£l  does  not,  contain  any  thing  but  the  very  fmall  portion  of  fulphate  of  lime  which 
itiias  (akea  up  during  its  contact  with  the  plaifter  of  >the  chimneys  and  ^he  pointing  of  the 
ridges.    It  is  neceflary,  therefore,  to  deprive  it  of  this,  in  order  to  have  water  in  a  very  pure 
ftate.     For  this  purpofe  I  prepare  af  folution  of  barytes  according  to  the  procefs  *  by  which 
our  colkague  Vauquelin  has  rendered- fp  eafy  what  Bergman  attempted  with  imperfef^  fuc«  - 
cefs*     I  pour  this  fotutioainto  the  filtered  rain  water,  until,  after  the  precipitation  has  fub« 
fided,  the  taft  drop  exhibits  no  alteration  of  tranfparency.v.  I  even  add  a  fmall  quantity  in  > 
excefs)  which  (hews  itfelf  by  the  vinqus  colour  it  gives  to  paper  coloured  with  fernambouc 
or  l^raztl  wood^r    This  excefe'foon-faUs^wn  in-tbe  ftate  of  jcarbonate.  of  barytes,  by  fimple  ' 
cxpofure  to  the  air.     The  predgitatioa  may  be -very  fijdde^nl);  determined,  by-  the  addition  of 
water  impregnated  with  carbonic  acid.    Too  much  muft  not  however  be  added,  becaufe.  it 
would  take  up  a  portion  of  the  precipitate.     But  the  fpontaneous  evaporation,  of  thi  ?xc^ 
of  gafeous  acid  in  the  open  air  would  in  this  cafe  foon  reftore  its  purityi^ ... 

To  judge,  with  whatfacility  andtmfliAgfi)tpoiimtbe«ibo(^pf  th^  Biif<:i;|^r  £pkrc|xp^rl|j. 

'  *  Philofophical  Journal,  I.  i;^5.    Dr:  tifj^pe-iii  thb>>fidioburgh^refi£i6):ioi««)iv;/y6.*iAloim^ 
trary  to  the  a(rerti«m8  ot  ihsBy  chemifts,  ttie  native  carbl»iHltr0f  barytes  may  be:  dtpHVdttof  <itMddk'by.imerr> 
h(^t(ofaimith*sf<(>^ge/ifta]^te«k4sad«riicibk),  ..li^^  •.•::> 
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ments  niiy  be  procured,  it  isfufficient  to  obferve,  chat  by  ufing  an  aqueous  (blution  of 
barytes  of  which  thefpccific  gravity  was  no  more  than  €,0205,  the  quantity  of  15  grammes 
in  weight  (344I-  grains  Engltfli),  or  0,1473  cubic  metres  ^4,1  cubic  inches  £ngliili)»  proved 
(uiScient  completely  to  purify  eleven  decilitres  (if  wine  pints  Englifh)  of  water.  Confe* 
||uently  one  decilitre  or  part  of  the  fame  aqueous  fdutioa  of  baiy tes  will  ferve  to  afiord  74,6a 
Iparts,  or  about  8  (Frenc*i)  pint^  of  dilHUed  water. 

I  miift  add  an  obfervation,  which  is  very  proper  to  ihew  that  the  colle£lion  of  rain-water 
is  worth  the  trouble  and  care  of  procuring  it  in  the  circumftances  nK>ft  favoucable  to  its 
purity.  By  a  comparative  operation  on  rain-wa^er,  I  foumi  that  hvcr  water  acquired  60 
graimnesi  or  four  times  the  quantity  of  the  fame  folution  of  barytes. 

I  have  no  doubt  but  that  the  aqueous  foiutio^  of  i>arytes  for  the  purifiostion  of  water 
^iU,  in  the  «ourfe  of -time,  l)e  introduced  into  manufa(^rie8  for  dyeing.  It  wili  fcf  ve»  at  a 
very  moderate ^expence,  to  render  the  artift  mafter  of  the  (hades  he  aicanato  pi^oducc^  witfa- 
cat  waiting  for  the  feafon  in  which  he  confiders  his  water  as  moft  pure.  I  gave  this  ai« 
vice  to  a  manufacturer  who  lequefted  me  to  aaalyfe  the  water  of  a  iinall  ftrcam  which  fup« 
plied  Us  works* 

Thefe  obfcfvations  may  alfo  probably  be  applied  to  another  purpofe.    It  is  known  that 
water  faturated  with  iulidiate  of  lime  is  much  lefs  putrefcible  than  purer  water:  would  it 
not  be  of  advantage^  in  Jong  voyageSf  to  take  a  fupply  of  water  ezprefsly  loaded-  with  this 
earthy  fak,  and,  when  it  is  wanted  for  ufe^  to  purify  it  three  or  four  days  before  hand  h^  a 
(mall  portion  of  the  foliation  of  barytes  ? 

This  folution  would  occupy  little  room,  and  be  attended  with  inconfiderable  ei^peace. 
If  it  were  apprehended  that  a  fmall  portion  of  barytes  might  remain  in  folution,  which  would, 
not  in  h€t  be  without  danger,  as  this  earth  is  perceptibly  noxious,  a  proof  might  be  made; 
Of,  to  fpeak  more  codrjre£Uy,the  depuration  might  be  rendered  abfolute  by  the  addition  of  a, 
few  drops  of  the  folution  of  carbonate  of  foda.  All  thefe  manipulations  are  among  thoie 
w^h  may  be  very  <eafily  praAifed  by  perfons  of  no  chemical  experience. 

Expianathn  -ofibt  Figurts  of  the  Economical  Lahratory^  Plate  IX. 

Figure  I.  reprefents  the  whole  apparatus  ready  mounted  for  diftillation,  with  the  tube  of 
fiifety  and  a  pneumatic  receiver. 

A  is  the  body  or  refervoir  of  the  ufual  lamp  of  Argand,  with  its  (hade  and  glafs  chim« 
ney*  The  lamp  may  be  raifed  or  lowered  at  pleafure  by  means  of  the  thumb  fcrew  B  \ 
and  the  wick  rtfes  and  falls  by  the  motion  of  the  fmall  toothed  whtel  placed  over  the  waftc 
cup.  This  conftrufiion  is  moft  convenient,  becaufe  it  afibrds  the  facility  of  altering  the 
poGtion  of  the  flame  with  regard  to  the  veiTeb,  which  remain  fixed;  and  t\it  troublcfome 
management  of  bended  wires  above  the  flame  for  the  fupport  of  dieveflels  is  avoided,  at  the 
fiune  dme  that  th$  flame  itfelf  can  be  brought  nearer  to  the  matter  on  vdiich  it  if  intended 
loaA.. 

D,  a  fupport  confiftkig  of  a  round  ftem  of  brafs,  formed  of  two  pieces  which  fcrew  to- 
gether at  about  two-thirds  of  its  height.  Upon  this  the  circular  ring  £,  the  arm  F,  and  the 
not  G  Aide,  and  are  fixable  each  by  its  refpe^ive  thumb*fcrew.    The  arm  alfo  carries  a 

•  Ja  the  lamps  of  .ihit  conftru^ion  made  in  London  there  it  a  fpriag  in  the  ibcket,  fuffictently  rigid  to  fit* 
venc-the  lamp  A^firom  fiillhig.by  \t%  weight  wjien  B  is  unfcrewed.  I  fuppofe  Citiien  Guyton's  lamp  was  pro* 
vided  with  the  fame  convenience,  but  that  by  orcrfight  it  may  pot  have  been  OKntioned,     N. 
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isoveabfe  piece  H,  which  ferves  to  fufpend  the  veflek  in  a  convenient  (ituationi  or  to  fecim 
their  poCtion.  The  whole  fupport  is  attached  to  the  fquare  iron  ilem  of  the  lamp  bj  a 
piece  of  hard  wood  I,  which  may  be  fixed  at  any  required  fituation  by  its  fcrew. 

K  reprefents  a  (land  for  the  receivers*  Its  moveable  tablet  L  is  fixed  at  any  required 
elevation  by  the  wooden  fcrew  M.  The  piece  which  forms  the  foot  of  this  (land  is  fixed 
on  the  board  N  $  but  its  rehktive  pofition  with  regard  to  the  lamp  may  be  changed  by 
Aiding  the  foot  of  the  latter  between  the  pieces  O  O. 

P»  another  (land  for  the  pneumatic  trouj^.  It  is  saifed  or  lowcKd^  and  fixed  to  its 
place^  by  a  (Irong  wooden  ficrew,  (^ 

R  is  the  tube  of  fafety,  or  reverfed  (yphon,  invented  hj  Citizen  Welter^  and  defcribed 
m  the  third  cahier  of  the  Journal  of  the  Polytechnic  School,  p.  437  •. 

Fig.  2.  fiiews  the  fomp  furnace  difpofed  to  produce  the  faline  fufioi^;  the  chimney  of 
glafs  (hortened  ^  the  fupport  D  turned  down  ^  the  capfuk  of  platina  or  filver,  S)  placed  on 
the  ring  very  near  theflame. 

Fig.  3*  The  fame  part  of  the  apparatus,  in  which,  inftead  of  the  capfde,  a  very  thin  and 
finall  crucible  of  platinaji,  T,,  is  fubftituted,,  and  rells  upon  a  triangle  of  iron  wire  placed  oft^ 
the  ring» 

Fig,  4.  exhibits  the  plan  of  this  lad  di()>o(itibn» 
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mine  an  unequivocal  Ateibodrf off eriaining  the  Po%ver  of  eleBrical Macbina^ 
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.OWEVER  pRcat  the  influence  and. probable  importance  o£  elefhicity  may  appear  la 
a  large  dafs,  and  perhaps  in  the  whole  of  natural  phenomena,  we  dill  find  that  a. number 
of  fundamental  experiments  remain  to  be  made.  Among  the(e  there  is  fcarcely  a  more  do» 
firable  objeA  than  to  determine  the  degree  of  excitation  or  quantity  ofeleflricity  afforded: 
by  machines,  in  proportioa  to.  the  furface  expofed  to  £ri^on.  When  philofophers  en- 
deavour to  communicate  to  each  other  the  indications.o£  power  in  their  re(pe£live  eleflricaT 
apparatus,,  they  either  deiicribe  the  length  and  appearance  of  the  fimple  fpark  from  a  Gon<«- 
du£lor,  or  the  explofion  from  a  certain  meafure  of  coated  furface,  or  elfe  the  didance  ta 
which  the  attradive  power  of  tbe  prime  conductor  is  rendered  perceptible  upon  a  thread 
or  pendulous  body.  The  fird  of  thefe  methods  is  fubjcA  to  variation  from  the  magnitudo 
•£  die  condu£lor  itfelfj  the  figure  of  its  termination]^  and  particularly  that  undulation  of 

*  And'alfo  in  the  id  voh  af  the  Aimalet  dc  Chtmie,  p.  3 1 1.  This  apptrttiis  ferves,  in  a  great  meafure,  to 
prevent  the  had  eflcAa  of  having  the  vefiftls  cither  pcrf^ly  cbfed  or  pcrfedly.open.  Suppofe  the  upper  helN 
itopcd  vefl&l  to  be  nearly  of  the  fame  magnitude  as  the  hulb  at  the  lower  end  of  the  tube,  and  that  a  ^uandty 
of  water,  or  other  fuitable  fluid,  (bnewhat  leis.  diaa  the  contenn»of  that  veflel,  be  poured  into  the  apparatus-: 
lb  this  fituation,  if  tho  elafikity  of  the  contents-of  the  vcffels  be  lefs  than  that  of  the  external  air,  the  fluid  wiU 
defcend  into  the  bulb,,  and:  atmorphoric  air  will  follow  and  pais  through  the  fluid  into  the  veflcls  :  .bufi>  on 
l|ie  contrairy<9  if  the  elafticity.of  the  contents  be.  greater,  the  IKvd  will  .be. either  fuilaiaed  in  tbe  tube,  oo.driveB 
kto  the  bell-ihaped  veflel ;  and  if  the  force  be  (Iropg  enough,  the.  gafeous  matter  will  pafs  through  th«  fluid,., 
Kpd  la  part  efca^.    Mv ' 
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■fHbich  the  1i r ft  account inras  given  in  our  Journal,  vol.  i.  pfljge  83  :  .^nd  the  lad  method,  ber 
ing*ft>bjc£l  to  niodification,  not  ^only  from  the  ftiufturc  of  the  Icfs  eflcntial  parts  of  tli^ 
machine,  bttt  siifo  from  the  dimenfio'DS  .and  figure  of  the  apattmcBt  la  which  the  experi- 
meascsare  mr.de,  has  been  accordingly  very  little  ufed.  ^Llc£lricians  have,  therefore,  with 
ionfiderable  reafon,'  V;cn  vdifpofed  to  avail  themfelves  of  the  fccond  method,  according  to 
the  Smple  ccmputation  dcfcribcd  in  our  work  laft  referred  to,  page  87.  But  to  this  me- 
thod alfo  Mr.  Cutbbertfon,  the  conftmilor.of  the  great  Tcyleriap  machine  at  HaerJem, 
efier«  (eri^usobjeSlioofif  in»c6a(equence  of  which  he  took  the  trouble  to  repeat  fome  ex- 
periments at  my  rcqueft.  Thefe  experiments,  together  with  bis  obfervations  and  fuch  rc-^ 
inarks'as  Have  occurred  totnyrdfi  will  fcrr.m.thefubje£l  of  the  prefcnt  memohr. 

The  Honourable  Henry  Cavendifli,  Efq.,  from  a  ferics  of  experiments  upon  the  charges 
of  elcflric^l  jars  *,  has  deduced,  that  the  quantities  of  ele£tricity  which  coated  glafs  of  dif- 
icrentflbapes  and  ftzeswill  receive,  with  tji^  fame  degree  of  cle6lrization,  are  direclly  as 
the  area  of  the  coating,  and  inverfely  as  the  thicknefs  of  the  glafa;  and  that,  when  tlie  in- 
fl^fife^vaiy,  the  quantities  of  eledricity  in  Jikc  circtimftances  are  nearly  as  the  lengch  of 
jbpjpark.  Mr.  Cuthbertj^ii's  great  experience' has  led  him  to  modify  thefe  general  con- 
clufions.  1  have  found  that  in  great  intenfities  the  length  of  the  fpark  is  much  more  than 
in  proportion  to  the  charge  f  ;  and  from  fome  fa£ts  hereafter  to  be^  related,  there  is  reafon 
to  think  that  a  real  charge  of  low  int en fity  cannot  be  meafured  either  by  the  length  of 
ifTve'iyTTib'Tt  l^afk,  * 6r  even  T>y  the  number  of  turns  of  the  machine.  EledriciaTWj-in  g6. 
neral,  ufe  the  beft  glafs  they  can  procure  in  their  vicinity;  whence  their  conclufions  are, 
for  the  moft  part,  applicable  to  one  kind  of  glafs  only.  But  Mr.  Cuthbertfon  has  obferved, 
l&irt  the  difSjr^htVmds  of  white  glafs,  iind  ftill  more  Ae  green,  will  require  very  different 
f quantities  of  cleftricitytt)  charge  equal  furfaccs  ami  tkkkncflcs  to  the  fame  height.  He 
ihowed  me  a  jar,.of  which  the  coating  had  been  cutaway  until  its  capacity,  as  determined 
by  tfie  numbpr  bf .tnms  of  the  machine,  became  equil  to  that  of  ariptherTiinaar  jar  of-thc 
lame  thicknefs.  The  coated  furfacc  of  the  former  of  thtfc  two  jars  mig^t  be  cftimated  at 
iporc  than  one 'third  part  lefs  than  that  of  the  fortnler.  'Hence  the  neceffity  of  fome  other 
left  of  cleftrical  power,  different  from  that  which  includes  the  dimenfions  of  the  jar  as  one 
of  its  elements,  is  evident.  Mr.  C.  oflirs  the  explotioA  6f  fteel  wire  for  this  purpofe  j  the 
Tcfult  of  the  fafts  bbfcrved  by  him  being;  *fhat  equal  (Quantities  of'cle£lricity,  inthe  form  of 
a  charge,  wiircante  equal  Icngftis  of  tTie  fame  tleel  \^xte^t6  explode,  whether  the  jar  made 
i-utc  o/*  be  of* greater  or  Icfs  capacity,  wifliin 'certain  limits  very  eafily  comprehended  iri  a. 
l6ofe  verbal  ddftri^ion.  The'  primary  objeA  of  his  cxpcfimeiits  was  dircfletf  to  the  cte- 
l>irfhment  of  this  propofitiba. 

July  6th,  T  798,  I  waited  on  Mr.  Cuthbertfon  at  feven  fn  the  -evening,  and  fottnd  twi 
dcdrical  ©achines  in  a  ftatc  of  aftivity.  The  firft  confided  of  a  glafs-plate  24  inches  in 
idiameter,  rul?bed  by  two, pair  of  cufliionjB,  each  5  inches  long,  proceeding  from  the  extreme: 
*of  the  clrcumferenoe  towards  the  centre  upon  oppofite  xadiij  whence  the  whole  furfacc 
-rubbed  in  each  turn  was  1193,8  fquare  inchesj  or  8,29  fquarefeet.  The  other  machine  wm 
•of  the  fame  dimenfions,  but  had  two  plates  and  four  pair  of  cufhions.  A  jar  fitted  up  widi 
Lane's  eleftrometer,  the  balls  of  which  were  invariably  fixed,  was  ufed  to  afcertain  the 
ifteadinefs  of  the  excitation.    When  this  jar  was  applied  to  the  prime  conduftor  of  the 

^  Philofophical  Tranfaaions,  Uvi.  p.  496.  f  Phil.  Tranf.  Ix;if2.  .   _ .. 
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lingle  plate-machine,  it  exploded  five  times  in  7I:  turns  of  the  winch.  Upon  applying  !he 
fame  teft  to  the  double  plate-machine  it  was  found  to  afford  very  nearly,  or  rather  more 
than  twice  the^uantity  of  eledricity.  All  tlie  following  experiments  were  made  with  the 
£ngle  plate. 

A  jar  %  No.  i,  was  applied  to  the  prime  condu£lor :  after  four  turns  fome  ramified 
fla(hes  ftruck  into  the  uncoated  part,  and  at  the  fixth  turn'  a  fpontaneous  explofion  took 
place  over  the  clear  glafs.  It  muft  be  remarked,  that  the  mouths  of  none  of  the  jars  had 
any  ilopper  or  covering.  Mr.  C.  then  took  a  glafs  tube,  which  he  inferted  into  the  jar 
nearly  to  the  bottom,  and  breathed  twice  through  it,  in  order,  as  he  faid,  to  render  it  more 
t:apable  of  retaining  its  charge.  This  procefs,  fo  contrary  to  the  received  opinion  of  elec- 
tricians, who  carefully  avoid  all  dampnefs,is  confideted  by  him  as  of  the  fame  nature  as  the 
experiment  of  Brook,  who  found  that  a  jar,  the  naked  part  of  which  was  foiled  by  handlings 
would  retain  fix  times  the  charge  without  exploding,  which  it  would  have  held  if  perfect- 
ly clean  f.  I  had  always  confidered  this  laft  experiment  as  a  proof  that  glafs,  when  greafed 
by  handling,  does  not  attract  vapour  from  the  air  as  readily  as  when  clean  ;  and  accordingly 
I  have  often  ufed  tallow  as  a  good  extemporaneous  vamilh  for  glafs  pillars^  Mr.  Cuthbert- 
fon's  procefs,  however,  had  the  (ame  efiefl ;  for  the  jar  did  not  afterwards  exhibit  any  flafh  or 
difpofition  toexplode  during  the  whole  evening,  though  it  wasoccafionally  charged  with  tenand 
twelve  turns.  A  brafs  ball  fupported  on  a  ftand  by  a  (lick  of  glafs  was  placed  fo  as  to  receive 
the  explofion  from  thd  jar  No.  i,  when  thus  conne^ed  with  the  prime  condu£lor.  From 
this  ball  hung  a  fmall  piece  of  pendulum  wiret»  confined  at  each  end  between  (mall 
forceps  conflruded  for  that  purpofe.  The  clear  portion  of  the  wire  which  formed  part  o£ 
the  circuit  was  exa£lly  five  inches  in  length.  An  explofion  was  paflcd  through  a  moderate 
interval  or  length  of  fpark ;  and  this  interval  was  gradually  increafed  till,  at  laft,  the  (hock 
became  fo  flrong  as  completely  to  ignite  the  wire  and  divide  it  near  the  pofitive  end» 
where  a  fparkling  globule  or  two  flew  out :  ten  turns  of  the  machine  were  required  to  pro*- 
duce  this  efieftj  and  the  length  of  the  explofive  fpark  was  i^  inch. 

Another  jar.  No.  2§,  was  applied  to  the  prime  conductor  along  with  No.  i,  and  their 
cutfide  coatings  were  connedied  together.  The  fame  quantity  of  wire  as  in  the  laft  ex* 
periment  was  placed  in  the  circuity  and  by  the  fame  method  an  explpfion  was  obtained, 
which  ignited  and  broke  the  wire  with  nearly  the  fame  appearances  as  before.  In  this  cafe 
the  number  of  turns  were  9^,  and  the  length  of  fpark  |  of  an  inch. 

Thefe  experiments  evidently  confirm  the  refult  Mr.  Cuthbertfon  obtained  from  his  former 
trials  i  namely,  that  the  quantity  of  ele£lricity  to  difperfe  a  given  portion  of  wire  will  be 

*  Height  oPthe  coating  7^  inches,  diameter  6}  inches,  both  outfide  meafure.  Uncoated  part  4$  inches 
perpendicular,  though  the  mouth,  in  reality,  was  fomewhat  fmallcr  than  the  body  of  the  jar.  Thickncfs  o,tjft 
inch.    Hence  the  furfecc  was  about  188  fquarc  inches,  or  ij  fquarc  £tx)t. 

t  Mifceilaneous  BTpcrimcnti  and  Remarks  on  Elearicity,  &c.  by  A.  Brook.    Norwich,  1789. 

X  This  wire  is  fold  at  the  watch-tool  makers.  It  is  of  ftcel  flattened,  and  is  wfed  to  make  the  fmall  fpni^ 
x)f  the  balance  in  watdics.  The  wire  here  mentioned  is  0,005  inch  in  biitadth  and  one  grain  in  weight  i  meafurcs 

44|  inches  long. 

§  Hci^t  of  the  coating  8  }  inches,  diameter  6,i  inches,  both  outfidc  meafure.  Uncoated  paft  jj  inchet 
perpendicular,  though  the  mouth  was,  as  in  No.  i ,  fomewhat  fmallcr  than  the  body  of  the  jar.  Thick- 
tiefs  0,17  inch.  Hence  the  furfiicc  WM  about  190  fquarc  inches,  or  ij  fquarc  (pot,  nearly  the  (ua^  «s  the 
«thcr  jar. 
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the  feme^cven  though  the  charged  furface  fhould  be  greatly  varied.  But  it  appeared  dc* 
ffrable  to  afcertain  the  proportional  quantities  of  electricity  required  to  explode  dider«nt 
fcngths  of  the  fame  wire.  For  this  purpofe  2,3  inches  of  wire  were  exploded  by  the  jar 
No.  I,  by  five  turns  of  the  winch;  which  was  probably  too  great  a  quantity,  for  the  ignitioa 
was  very  (Irong,  and  deffagratmg  globules  were  thrown  about.  But  by  a  more  careful  re- 
petition of  the  experiment  with  2|  indies  of  wire,  the  ignition  and  partial  melting  of  the 
wire  were  very  nearly  the  fame  as  in  the  experiments  which  had  been  made  on  lengths  of 
five  inches.  From  thefe  experiments  theiefecms  reafon  to  fuppofc  tliat  the  quantities  o£ 
eleftricity  may  be  as  the  ler^ths  of  the  wires  exploded. 

A  battery  of  fifteen  jars,  containing  about  17  fquare  feet  of  coated-^ furface^ .was  then  ufed 
to  explode  five  inches  of  tke  wire.  Nineteen  turns  rendered  the  wire  faintly  red  hot ;  but 
20  turns  caufcd  it  to  explode  in  the  fame  manner  as  in-the  experinients  with  the  jars. 

Half  the  length  of  wire,  namely   2t  inches,  was  in  the^next  place  fubmitted.to  theex«. 
plofion  of  the  battery.     Twelve  turns  ignited  the  wire,  and  15  turns  caufedit  to  explode 
with  fomcwhat  more  xnolcirce  than  in  the  experiments  with  the  jars* . 

At  this  ftage  of  the  procefs,  as  tliebattery  had  required  twice  the  -quantity  of  eleftridty 
to  produce  the  cffeft  which  had  before  taken  pkice  with  a  fmalier  quantity  of  coated  fur- 
fdce,  it  became  a  queftion  whether  the  length  of  the  circuit,  which  was  fix  feet  on  each  fide, 
might  have  influenced  th^  refults ;  and  alfo  whether  the  ftate  of  excitation  hadbecome4e(s 
inte^ife.  For  thefe  re9f6ns,  the  difpofition  of  the  apparatus  was  altered  lb  that  the. circuit 
with  the  battery  was  the  fame  as  had  before  be^o  ufediwith  the  jars^  and.  the  tr»^  jar^ , 
with  Lane*s  eleflrometer,  was  again  applied  to  afd^ertain  the  poweir  ef  th^  machine.  Five 
cxplofibns  were  afforded  by  7  J  turns,  as  at-firit:  tMs  experiment  was  twice  repeated^  and  ^ 
(bewed  that  the  a^ion  of  the  machine  continued  to  be  the  fame  as  at  firiK" 

In  thi$  new  difpofition  ofthe  battery  fiVe  inches  of  the  wife  wore  expofed  to  the  expMioin 
^o  effe£t  was  produced  by  12  turns ;  but  by  21  turns  the  whole  of  the  wire  was  difperfed . 
in  globules  by  a. (Irong  ignition.    I  fu'ppofe  thatrao  turns  might  hftv6  difperf<cd  it-io  the., 
fame  manner  as  iii  the  firft  experiment^ 

Two  inches  and  a  half  of  the  wife  were  then  placed' in  the  circuit's     This  portion  wat  * 
not?affe£ied  by  an  explofibn  of '12  turns  ^  but  by  13  turns  it  was  ignited  and  broken  by 
the  difiipation  of 'a  globuhe  or  two.   Laftiy,  one  inchof  th^  wire  was  espofed  to  the  (hocks  , 
il  was  ignited,  and  partly  dif^erfed  in  globules^by  lOtums. 

The  whold  of  thefe  experiments  employed  upwards'of  thtee  hbura^  daring  the-greatelt : 
part  of  which  time  the  machine  was  in  action.     At  the  conclufion  the  trial  jax  was  appliedf 
kexploded  five  times  in  a  littIe>more  than  eight  turus*    The  trial  was.  repeated  twic<>  and.t 
ierres  evidently^  to  fliow  the  fteadinefs  of  the  excitation,  ^hkh  had.dimini{h&djs)iilj  about 
^th  part  during  this  courfe  of  *work. 

Upon  a  review  of  the  foregoing  experiments,  it  ts  obvious- that,  they  would  require. to«be 
repeated  and  extended,  if  the  general  courf(^  of  Mr.Cuthbertfon's  former  procefles  were  not 
to  be  admitted  in  confirmation  of  the  pofitioti,  that  equal  quantities  of  ele&rkity  will  ignite 
and  difperfe  eqjoal  quantities  of  the  {jaaoie.  wire,^  wi^out  requiring  any  particular  adjuflment 
-of  the  quantity  of  coated  furface^  piovidedthe  Intenfity  be  confiderable.  Prom  the  experi-. 
aients  whh  the  battery  it  feems  reafonable  to  coaclude,  that  the  quantities  of  ele£tricity  rcr 
^uved  to  produce  like  effe£t&  upon  wire  will  be  greater^  the  lower  the  intenfity,  when  the 
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Quantity  of  furface  is  greatly  increafcd ;  in  which  cafe  the  velocity  of  the  eleftric  fluid 
may  be  fuppofed  infufficient  for  the  whole  charge  to  exiJt  in  the  conda6ting  wire  at  one  and 
the  fame  time;  or  its  impetus  may  be  !efs;  or,  laftly,  there  may  be  a  confiderable  wafte 
from  the  conducing  power  oCthe  air  through  the  very  thin  ftratum  of  air  through  which 
the  explofion  at  laft  palTes.  This  laft  fuppofition  is  far  from  being  merely  <:onje£buraL 
For  by  fome  experiments  on  the  charge  of  a  plate  of  air  in  connexion  with  the  gold  leaf 
cleftromcter,  of  which  I  may  hereafter  give  an  account,  I  find  that  even  in  very  low  in- 
tenfities  the  ele£lric  matter  will  pafs  in  a  condant  dream  through  intervals  of  about  one 
inch  ;  a  concluiion  which  might  likewife  b^  deduced  from  the  very  fmall  duration  of  the 
ufual  charge  in  the  prime  condu£tor. 

With  regard  to  the  curious  fa£l  of  the  fpontaneous explofion  of  a  clean  jar;  which,  when 
damped  by  breathing  into  it,  was  found  much  more  capable  of  retaining  its  charge,  there  ap« 
pears  to  be  fome  difficulty  in  the  theory*  I  have  mentioned  my  fuppofition  that  Mr.  Brook's 
experiment  of  foiling  tlie  jaf  with  the  hand,  might  have  fuoceeded  from  the  perfpiraWe  mat- 
ter having  operated  as  a  varnifh  to  the  expulfion  of  moiilure  from  the  air.  Mr.  Cuthbert^ 
fon*$  experiment  overthrows  this  notion.  I  am  now  inclined  to  think  that  it  depends  upon 
undulation.  The  bare  furface  of  clean  glafs  may  become  charged  in  fucceffive  zones  of  the 
contrary  ekdricities,  as  Prieftley  and  others  have  (hewn.  When  thefe  zones  have  acquir- 
ed  the  requifite  intenfity,  they  may  explode  into  each  other,  and  produce  an  undulation  in 
the  whole  charge,  which  may  greatly  favour  its  flight  through  the  interval  from  coating  to 
coating.  But  when  the  furface  is  covered  with  di(lin£l  infulated  particles  of  moiilure, 
the  efcape  from  particle  to  particle  mud  be  by  fmaller  leaps ",  the  tranquillity  of  the  charge 
will  be  fcarcely  at  all  didurbed  \  and  the  fpontaneous  explofion  will  not  take  place  until  die 
intenfity  has  become  fo  great,  as  to  carry  it  through  a  fpace  equal  to  the  funi  of  the  inter- 
vals between  any  one  row  of  particles  which  form  a  line  from  coating  to  coatings 
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.T  no  great  dtdance  from  where  thefe  cryftals  are  found,  upon  the  fame  flope  of  the  moun- 
tain, but  rather  nearer  to  the  level  of  the  fea,  a  ftratum  of  argillaceous  matter  has  been  laid 
open,  divided  into  many  thin  beds,  the  broadeft  of  which  does  not  exceed  a  foot  in  thicknefs. 
Its  general  colour  is  of  a  whitifli  grey,  with  a  fmall  mixture  of  yellow ;  and  it  is  divided 
tranfverfely  by  ftraight  fepta  or  cracks,  both  fides  of  which  are  covered  with  deadritical 
figures  of  a  yellowifli  brown  colouTj  beautifully  reprefenting  the  obje£ls  of  landfcape.  At 
the  weftern  bafe  of  the  mountain,  on  a  level  with  the  fea,  by  which  it  is  wadied,  a  very  ex- 
tenfive  ftratum  occurs  of  the  fame  nature  as  the  laft  defcribed,  bearing  from  north  tofoutb, 
parallel  with  and  dipping  towards  the  mountain  nearly  at  an  angle  of  40  degrees. 

In  fome  parts  of  the  wtftern  flope  of  the  mountain,  towards  the  fouth,  are  found  nefts  of 
a  dark  red  fliivery  clay,  in  which  are  imbedded  flints  of  a  dirty  lap  green  colour :  of  tbofe  no 
nigular  ftratum  is  to  be  perceived  f  man/  of  them  are  uafluipely  inaifes  $  but  they  in  geneu* 
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ral  tend  to  the  rhomboidal  fartn,  and  a/e  from  three  to  four  inches  long  by  two  or  tbrer 
broadf  and  an  inch  and  a  half  thick.  They  are  not  incrufted  a9>  the  fiinu  found  in  chalky 
nor  have  they  the  appearance  of  having  been  worn  by  attrition* 

Upon  difierent  parts  of  the  mountain,  towards  its  bafe,  are  found  large  quantities  of  fand 
compofed  of  different  materials,  and  afluming  various  appearances  as  to  colour*  The  largeft 
bank  of  this  arenaceous  matter  is  upon  the  weftern  fide  of  the  mountain,  and  confifts  of 
fmaU  particles  of  cryftailixed  quartz,  colourlefs^  and  perfectly  tranfparent  per  fe,  but  of  an 
othrsous  colour  in  the  mafs  on  account  of  a  red  argillaceous  earth  which  adheres  to  them*. 
The  fand  of  this  bank  is  perfeflly  loofe  and  uncombined :  one  half  of  it  has  been  levdleA 
into  an  extenfive  parade,  its  furface  having  been  combined  by  the  lime  and  rubbifli  from  the 
rttins  of  the  town.  The  fouthern  extremity  of  the  bank  is  ftill  to  be  feen  in  its  natural  ftate^ 
and  forms  the  burying-ground  of  the  garrifon* 

>Upon  the  eaft  fide  of  the  mountain  is  found  another  of  thefe  banks,  of  coniiderable  extent^ 
waAy  as  I  mentioned  before,  rifmg  from  the  Mediterranean  in  a  rapid  acclivity,  and  reach-*- 
if^  to  one-third  of  its  entire  elevation.  This  bank  is  compofed  of  (inall  particles  of  cryftal«» 
tioBed  quartz,  of  teftaceous  bodies  rounded  by  attrition,  and  of  a  few  minute  particles  of  the 
calcareous  rock ;  the  whole  has  a  whitiih  grey  colour*  The  rain-water  which  falk  fron^ 
At  bare  mountain  rock  above  the  fand  brings  along  with  it  calcareous  matter,  which  is  As*- 
pofited  upon  the  bank»  and  combines  its  furface  into  a  cruft^  which  in  fome  places  is  li> 
aniich  indurated  as  to  \^t^x  the  prefitire  of  the  foot. 

In  other  parts  of  the  mountain  where  this  (and  is  furroonded  by  dfe  calcareous  rock,  and 
covered  in  and  protedled  from  the  a£lion  of  the  air  and  corrofion  of  fea-ialts,  it  is  found  \t% 
a  perfe£l  indurated  fiate,  combined  by  ftala&itical  (por^  and  forming  a  minute  breccia.  A 
quarry  of  this  arenaceous  ftone  has  been  opened  upon  the  foutlh^aft  quarter  of  the  moun<»^ 
tain,  and  is  made  ufe  of  with  great  propriety  to  line  the  embraiures'  of  fome  of  the  new 
works  belonging  to  the  garrifon*  Its  inaptitude  to  fly  oflF  in  fplinters  when  ftruck  by  a 
SaH  gives,  in  fuch  fltuations,  additional  ftfety  to  the  defenders  of  the  place* 

The  weftern  fide  of  the  mountain*s  bafe  around  Rofia  Bay,  and  the  New  Mole^  is  a  rock 
compofed  of  an  aggregate  of  fmall  fragments  of  every  fof&l  that  has  been  here  defer  ibed^  with. 
the  addition  of  two  difierent  fpecies  of  marblei  that  are  probably  ad ventkbus^  as  ithetr  na* 
tive  beds  have  not  been  found  in  the  mountain*  The  one  of  thofe  is  black,  and  the  other  of 
an  olive  green  colour*  The  whole  of  this  mixture  produces  a  moft  beautiful  breccia,  and  is> 
firmly  combined  by  a  calcareous  cement  of  a  yellow  verging  towards  an  orange  colour* 
It  is  fttfccptibie  of  a  high  polifh,  except  where  fragments  of  the  argillaceous  ftrata  occur  ; 
thefe  can  be  eaiily  fmoothtd  down,  but  cannot  be  brought  to  a  perf«£^  poiifh»  The  frag* 
tpmiM  in  this  breccia  are  angular,  and  none  of  them  have  the  appearance  of  being  water*MMrorntf. 

It  only  now  remains  for  me  to  mention^  what  are  generally  called  the  fbflil  bones  fbnnd 
in  the  rock  of  Gibraltar*  Thefe  have  been  much  talked  of^  and  by  fome  looked  upon  as  a 
phenomenon  beyond  the  power  of  explanation^  The  general  idea  which  exifts  co^corning 
them  is,  that  they  are  found  in  a  petrified  ftate  and  inclofed  in  the  folid  calcareous  rock ;.  but 
thefe  are  miflakes  which  couM  only  arife  from  inaccurate  obfervation  and  falfe  deicrip  ' 
tion* 

In  the  perpendicular  fifTures  of  the  rock,  and  in  fbale  of  the  caverns  of  the  oiountaib  (alk 
•fv^Qb  aff9|d  erident  proofe  of  their  fociBar  coaMnttnicatioo  with  the  furface)^  a.  cakareout. 
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cmeretion  Ii  found  of  a  rcddi(b  browA  IpN-fMgmo^s  c<4o«r|  with.  a,n  eardiy  it9£Sw^  and  con- 
flderable  induration,  inclofing  the  bones  of  various  animals,  fpme  of  which. bafrci  .the  .^^ppeaf^ 
Vix^^  of  being  human.  Thefe  bones  are  of  vaiioua  fizes>  and  iie.  in  all  dire(5tion$  iqteraiixed 
with  ihells  of  fnails,  fragments  of  the  calcareous  rock,  and  particles  of  fpar  \  all  of  which 
materials  are  ftill  to  be  feen  in  thei^r  natural  uncombined  ftates,  partially  fcauered  over  the 
furface,of .  die  mounuin*  Thefe  baying, be^  f)vept  b}  bea.vy  rains  at  difierent  peri(^  froni 
the  iiirface  into  the  fituations  above  defcfibed,;  and  having  remaned  fpr  a  Ipog  f<iriesi  of  jreaf» 
in  ^thofe  places  of  reft,  expofed  to  the  perin^ing  afU^a.  <^  wa^r,  hay«  ^coo^p^env^pp^^ 
in^  and.cernented  by,  the  calcareous  matter  which  i^  depoutSt .    '     •  •   '     .      >  rt*     e 

Thebones  in  this  compofition  have  not  the  fmalleft  appearance  of  being  petrified  $  and  if 
they  have  undergone  any  change,  it  is  more  like  that  of  calcination  than  that  of  petrifacr 
tion,  as  the  moft  folid  psurts  of  them  generally  admit  of  being  cut  and  fcraped  doiyn  ;w|th.^ 
iamc  eafe  as  chalk*  .,-,  ,        .    ;  .     .*  ,  <> -'*J  •  w-  i 

Bones  combined  in  fuch  concretions  TCCf^  not  peculiar  to  .Gibraltar :.  .^X.^!r^>/^W^  ^ 
fuch  large  quantitlbs  in  the  country  of  Dalmatia,  and  upon; its  coafts  in  th^  AfliiAds  of^f^f^^tfo 
and  Ofero,  that  fome  naturalifts  have  been  induced  to  go  fo  far  as  to  ailert,  that  there  ha^ 
been  a  regular  ftratum  of  fuch  matter  in  that  country,  and  that  its  pfcfent  broken  and^  infer* 
nipted  appeaHmce  has  been  caufed  by  eartb^u^ikts.  or.  other  convuliloAS  experienced  in  tba^ 
part  of  the  globe.  But  of  late  years,  a  traveller  (At^be  Alberto  Mortis)  has  given  a  minio^ 
defcription  of  the  concretion  in  which  tbe.bone$  are  found  in  'that  country :  and  b^  bis  ^f^ 
count  it  appears,  that  with  regard  to.  fituation,  compofition,  and  colour,  it  Is  perfedUy  iimila^ 
to  that  found  at  Gibraltar.  By  his  defcription  it  alfo  appears  that  the  two  mountain  rocks 
of  Gibraltar  and  Dalmatia  conflft  of  the  fame  fpecies  of  calcareous  ftone  (  from  which  ^t  is 
to  be  prefumed  that  the  concretions  in  both  have  been  foriped  in  the  iapie  m^nn^r.attd^abp}^ 

the  fame  periods*  ,   .,   ...  ,.    -    .,     ., , 

Perhaps,  if  the  fifiiiresandc^v^oif  the  rod; -of  Dalma^a  were.  ftiU  more  minutely,  exa»« 
mined,  their  former  communications  with  the  furfi^ce,  migbi  yet  be  traced,  a$  ^i  thoTe  (|e» 
fcribed  above ;  and  in  that  cafe,  there  would  b^  at  leaft  a  ftrong  probability  th^t  th<:  mate.- 
rials  of  die  concredons  of  that  country  have  been  bfought  together  by  the  fiime  accidental 
caqfe,  which  in  my  opinioa  has  colle^ed  thofe  found  in  the  caverns  of  Gibraltar.  .1  h^vQ 
traced  in  Gibraltar  this  concretion,  from  the  loweft  part  of  a  deep  perpendicular  fiii[Hf4  ^^Hk 
the  furface  of  the  mountain^.  As  it  apploached  lo  tho  furface,  the  concrf^ipn  becapic  iefs 
firmly  combined  j  and  when  it  had  no  covering  of  the  calcareous  rock,  a  fmall  degree  of  ad* 
heftoopnly  remained,  wilxkh  was  evidently  produced  by^^he  argillaceous  eafth  in  it^compofi* 
tion  having  been  moiftened  by  rain  and  ^baked  by  the  fun. 

The  depth  at  which  d^eib  mjfitxntials  jlv^  been  penetrated  by  that  proportic;^  f^  ftaU<3iti«al 
matter,,  papable  pf.£iv^ng  to  di^fP^ip^fy^tion  its  gr^ateii  adhefioo  and  foliditjf,  lj[fff^  tQ,¥Zif. 
accordiiTg  to  its,  fitu^Cton,  and  tp  the  quantity  ^f  nvitl^  toi  be  combined,  f^n  §.(fyM^,^oi^^ 
row  and  contracted,  I  found:  the  <k)Acretion  poffeffing.  a  great  degree  o|4)aidn%(sf|t^^ 
from  the  furface  ;  but  in  other  .fituations  move  exteUfij^d,  mA  inhere  a  largely  <mMWtf  9f  A^. 
aaat^fials  bad  been  accumiilaited,  I  found  it  bad.  not  gained  i^  gfi»9tf  ft  degroo-of-adhs^fiVt 
double  XlbatdcpitlV;.  Iiioneof  the^v^s.wbere^imrs^fvpnkfceMMtia  o£oottfi4^i|iMe.fiBCV' 
I  perceived  ict9  b9  divided  4nto.d{ftwm:bedsr  fl^H  M  Mns  <K>V4redr;^itb-a  ffif^  pfjbt; 

ftdiiaitic»li^ Aomtmiiiiditoaau^        hailf  iadMkatf&i^  uttsb-fttm t^'vi^a^f^ 

that 
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-thtt  the  Mtten^ls  had  been  -  carried -fhiat'variottStpertocIti  and  that  tbofe  peflods  havr  been 
•verV  remote -firbm  each  bther. 

• '  At  Rofia  Bay,  tipon  the  weft  Tide  of  Gibraltar,  thw  concretion  is  found  in  what  has  evi- 
*dently  been  a'cavern,  originally  formed  by  huge  unCKipely  mafTes  of  rock,  which  have 
tumbled  in  together.  The  fiflurc  or  cavern  formed  by  the  difruption  and  fubfidence  of  thofc 
'fttafleslias  i)ecn'entrr^  filled  up  with  the  coftcretion,  ^and  is  now  expofed  to  fuH  view  by 
tire  outwartl  mifs' having' tfroppcB  dovi^n  in  coiifeqtience  of  the  encroachments  of  the  fea.  It 
\s  lo  this^rpot  that  ftt:angcfrs  are  gtmrrafty  led  to-examine  the  phenomenon ;  and  the  contpo*- 
fition  having  here  attained  to  tts^greateft  degree  ^f'hardnefis  and  iblidity,  the  hafty  obferver^ 
feeing  the'l)ones  enclofed  in  what  has -fo  little  ihe  appearance  of  having  been  a  vacuity,  ex- 
amines-no  farther,  "bdrimmediattlyadopts'the  idea *of  their  being  incafed  in  the  folid  rock. 
*Ffcc' trommnnicatioh'from  this  former ctelifm  tothe-furface,  from  whicn  it  has  received  the 
nmferials  of  the  concretion,  is  ftill  to  be  traced  in  the  face  of  the  rock;  but  its  opening  is  at 
prdTeitt  covjireSl'byihe'bafcn^f  Ihe^line  wall  iff  the  garrifon.  Here  bones  are  found  that  are 
kppi^rently'hunfani  and  th(5fe'of  them  that  appear  to  be*  of  the  legs,  arms,  and  vertebrse  of  the 
1>ack,  areTcattereS  amon^  eithets  dfvarious  kinds  and  fizes,  even  down  to  the  fmalleft  bones 
<S'Tnfal1  birds.  ^  ITound  here  the  complete  jaw-bone  of  a  (heep;  it  contained  its  full  com- 
^ement  of  tecfb,  the 'enamel  of  which  was  perfefl:,  and  its  whitenefs  and  luftre  in  no  de- 
gree impaired.  In  the  hollow  parts  of  fomcof  the  large  bones  wa^  contained  a  minute 
in^allization  oif  piire  and  colotlrlefs  calcareous^fpar ;  but  in  moft  the  interior  part  confided 
itjf  aTpafry  eruft  of  a  teddifh  colour,  fcarcely  in  any  degree  tranfparent. 

1^t  the  northern  extremity  of  the  mountain  the  concretion  is  generally  found  in  perpen* 
Scdlar  fiflTures.  The  miners  there  employed  upon  the  fortifications,  in  excavating  one  of 
fholfe  fiflures,  found;  lat'a  great  depth  from  the  furface,  two  fkulls,  which  were  fuppofed  to  be 
human  ;  but  to  me  one  of  them,  if  not  both,  appeared  to  be  too  fmall  for  the  human  fpecies* 
TKe  bone  of  each  viras  peileflly  firm  and  folid';  from  "^bich  it  is  to  be  prefumed  that  they 
were  In  a  ffate  of  maturity  before  they  were  enddfed  in  the  concretion*  Had  they  apper- 
tairt^d  to  very  young  children,  perhaps  the  bone  would  have  been  more  porous,  and  of  a  lefs 
firm  texture.  The  probability  is,  that  they  belonged  to  a  fpecies  of  monkey  which  ftill  con^^ 
tihues  to  inhabit  in  -confiderable  numbers  thofe  parts  of  the  rock  which  are  to  us  in* 
acceflible^  ' 

<  Thh'concretion  Taries  in  its  compofition  according  to  the  fituation  in  which  it  is  found. 
At  tfie  extremity  of  the  Prin(^e*s  lines,  high  in  the  rock  which  looks  towards  Spain,  it  is  found 
ibconfiftonlyof  areddifli  calcareous  earth,  and  the  bones  of  fmall  birds  cemented  thereby^ 
'Pie  rock  around  this  fpot  is  inhabited  by  a  number  of  hawks,  that  in  the  breeding  feafon 
rieflte )i^re  and  resir  their  young:  the  bones  in  Ms  concretion  are  probably  the  remains  of 
tKefocki  df  thbfe  birds.  At  the  bafe  of  die  rock  below^  King's  lines  the  concretion  confifts 
df'pebfbles'^f  Ae  prevailing  calcareous  rock.  In  this  conttetxon,  at  a  Very  confiderable 
de^th^iiflSer  tte  fiirfiMre,  was  found  the  under  part  of  a  glafs  botde,  uhcommonly  (haped,  and 
%/[  great  fhickneft  j  the  colour  of  the  glaft  was  of  a  dark  green. 

-  In  many  parts  of  the  rock  I  have  found  concretions  in  which  there  are  no  bones  of  any 
kihd;  -and  on  the  elevated  parts  of  the  hioUAtain,  where^tbe  flopes  are  rapid^  I  have  found  a 
bfeccia  ^'(if  I  may  fo  call  it)  entireiy  cdnfiftihg  of  fnkul-AieUs  combined  in  a  mafs  of  opaqoe 
ftaladHtiCal  fpat  of  a  yellowifli  brWA  colour*   The  various  progrcffiveaiigiiifenatibns  of  this 

matt^ 
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Qiatter  were  to  be  traced  in  various  (hades  of  ihc  fame  colour,  which,  like  the  zones  of  the 
antique  alabafter,  curve  round  and  follow  the  form  of  the  ihell.  The  purer  matter  of  this 
fpar  has  penetrated  the  fhells,  and  in  their  interior  hollows  has  formed  a  lining  of  fmall 
cryftak,  generally  colourJefs,  and  perfedly  tranfparent. 

I  have  beftowed  more  time  in  endeavouring  to  defcribe  the  compofition  and  the  real 
fituation  in  this  concretion  of  bones  than  the  fubjcfl,  in  the  eflimation  of  many,  will  fccm 
to  dcferve,  and,  indeed,  more  than  it  deferves  in  my  own  opinion  s  but  where  an  erroneouls 
opinion,  has  obtained  a  footing  in  confequence  of  inaccurate  obfervations  and  partial  de- 
icription>  it  is  the  duty  of  every  new  obfervcr  to  endeavour  to  corrccl  it. 
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jtccounts  of  the  Dtfcovery  of  Native  GqU  in   Ireland*^ 

JL  H  £  public  attention  was  a  few  years  ago  greatly  excited  by  the  important  minemlogi^ 

cal  difcovery  of  native  gold  in  Ireland ;  foon  after  which  accounts  were  feat  to  the  R.oyai 

Society.     (Phil.  Tranf;  17964)'   It  may  eafily  be  imagined,  thattbefe  works  muft  have  been 

fnfpended  by  the  convulfions  which  at  prefent  agitate,  that  unhappy  kingdom-    But  as  I  hope 

by  enquiry  toafcertain  what  has  been  done  fince*the  original  difcovery,  which  from  its  in« 

tcreft  and  curiofity  is  highly  deferving  of  attention^  Ifliall  hare  prefent  the  fubftance  of  thcfe 

accounts  to  my  readers  with  very  little  abridgement. 

John  Lloyd,  Efq.  of  Havodynof,  gave  •  the  fc^owrng  aecountf  dated  November  the 

4th,  1795: 

Abouf  fcven  miles  weft  ward 'of  Atkldwy  10  the  county  of  Wicklow,  there  is  a  very  high 

hslV  perhaps  fix  or  feren  hundred  yardsabovethefea,  called  Croughan  Kinfhelly,  one  of-whofe 

N.  E.  abutments ^orbuttrefTes  is  calted'Balifmagore,  to  which  the  afdeht  may  be  made  in 

h^lf  or  three  quarters  ofaahDun    In  JScob  NeviH's  map  of  the  county  of  Wicklow,  pub*. 

lifticd  in  1760,  by  caftmg  your  eye  on  the  river  Ovo,  which  runs  by  Arklow,  at  about  four 

miles  above  the  latter  pl^e,  ypu^ilLperceive  the  conflux  of  two  confiderable  ftreams,  and 

of  a  third  about  half  a  mile  higher  up,  clofe  to  a  bridge.    By  tracing  this  laft^to  ita  faurce^  , 

you  will  come- to  a  place  fet  down  in'*the  map  Billinvally^i  thisis  a  ravine  between  two 

others,  that  run  down  the  fide  of  thfc  hill  into  a  fc^i-circlc;,  or  more  properly  femi^lliptical 

valley,  which  extends  in  breadth  from  one  fummit  to  the  other  of  the  boundary  of  the  valieyv 

and  acrofs  the  valliEly  three  quarters  of  a  mile  or  fomewhat  lefs.    The  hollow  fide  of  the  hill 

forms  the  termination  of  the  valley^  and  down  which  run  the  three  ravines  abovementioneck  .^ 

At  their  jim£tion*the  brook'  aiTumes  the  name  of  Ballinafloge:  "at  this  plaee  the  defcent  is 

not  very  rapid)'and  fo continues  a  hanging  level-for  about^. quarter  of '^a  mile  or  fomewhat  *^ 

more,  when  the  valley  grows  narrower  and  the  fides  of  the  brook  become  fleeper^  and  it 

(bould  feem  that  fome  rocky  bars  acrofs  the  courfe  of 'the  brook  hiive*  fotmed  the  gravelly 

beds,  above,  over,  and  through  which  the.ftream  flows,  and*  i»  which  the  goldis-found^    The  • 

bed  of  the  brook,  and  the  adjacent  banks  ef  gravel  on  each  iidev  for  -near  a  quarter  of  a  mile 

in  lengthy  and  for  ao  or  30  yards  in  breadth^  have  been  entirely  ftirred  and  wafhed  by  the 

p^afiints  of  the  country^  who  amounted  to  many  hundreds  at  work  at  a  time  wbilft  they 

^cre  f  prmitted  toicarchior  the  metaU  . 

4,  Agchtlemaa. 
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A  gentleman  who  law  them  at  work  afluced  Mr.  Lloyd,  that  he  counted  above  thre^ 
hundred  women  at  one  time,  befides  great  numbers  of  men  and  chii^rem 

The  ilream  runs  down  to  the  N.  E.  from  the  hill^  which  feems  to  confift  of  a  mafs  of 
(hiftus  and  quartz ;  for,  on  examination  of  the  principal  ravine,  which  is  now  waflied  clean 
by  the  late  heavy  rains,  the  bottom  confided  of  (hiftus  interfefbed  at  difitrent  diftances  and 
in  various  places  by  veins  of  quartz,  and  of  which  fubllances  the  gravelly  beds  at  the  bottom, 
whe/e  the  gold  is  found,  feem  to  cOYifift.  *•  >•'  - 

Large  tumblers  of  quartz  are  thickly  fcattered  over  the  furfiice  of  the  top  of  the  hill, 
under  a  turbary  of  confiderable  thicknefs,  lipon  the  removal  of  which  thefe  tumblers  appear* 
^•The^old  has  been  found  in  mafles  of  all  fizes,  from  thole  of  fmall  grains  to  that  of  a  piece 
of  the  weight  of  five  ounces;  which  beautiful  fpecimen  is  intended  for  the  cabinet  of  anoble« 
man  adored  in  this  country,  and  not  lefs  reipe£bd  by  his  friends  in  England,  and  which  I  dare 
to  (ay  you  will  fhortly  have  an  opportunity  of  feeing  ia  London.  One  piece  of  twenty. two 
ounces  has  been  taken  up,  and  which  I  am  told  is  to  be  prefented  to  his  Majefty. 

Mr.  Graham  of  fiallycoage  inforoied  Mr.  Lloyd,  that  about  twenty-five  years  ago^  or 
more,  one  Dunaghoo  a  fchoolmafter,  refident  near  the  plac^  ufed  frequently  to  entertain 
them  with  accounts  of  the  richncfs  of  the  valley  in  gold;  and  that  this  man  ufed  to  go  in  the 
night  and  break  of  day  to  fearch  for  the  treafiire.;  and  thefe  gentlemen  with  their  fchooU 
fellows  ufed  to  watch  the  old  man  in  bis  excurCons  to  the  hill,  to  frighten  him,  deemii^g  him 
to  be  deranged  in  bis  intelle£t;s.  However,  the  idea  of  tbis.trea|fuie  did  at  laft  actually  de« 
range  him. 

Mr.  Lloyd  learned  alfo  from  John  Byrne,  that  about  eleven  or  twelve  years  ago,  when  he 
was  a  boy,  he  was  fifhing  in  this  brook,  and  found  a  piece  of  gold  of  a  quarter  of  an  ounces 
which  was  fdd  in  Dublin ;  but  that,  upon  One  of  his  brothers  telling  him  it  muft  have  been 
dropped  into  the  brook  by  accident,  he  gave  over  :aU  thoughts  of  fearching  for  more. 
Charles  Toole,  a  miner  at  Cronbane,  iaid,  that  he  heard  of  this  difcovery  at  the  time,  but 
gave  no  credit  to  it,  as  he  never  found  any  gold,  and  lives  very  near  the  place;  and  Mc. 
Lloyd  was  alfo  credibly  informed,  that  a  goldfmith  in  Dublin  has  every  year  for  eleven  or 
twelve  years  bought  four  or  five  ounces  of  gold  brought  conftantly  by  the  fame  perfon,  but 
not  John  Byrne.  * 

The  name  of  the  brook  where  die  gold  Is  found  is  in  \xlQx  Aughatinavought. 

The  account  of  the  mineralogy  and  other  ^ircumftances  by  Abraham  Mills,  £fq.  is  as 
follows : 

The  workings,  which  the  peafantry  recently  undertook,  are  on  the  north-eaft  fide  of  the 
mountain  Crougban  Kinfbelly,  within  the  barony  of  Arklow  and  county  of  Wicklow,  on 
the  lands  of  the  Earl  of  Carysfort,  wherein  the  Earl  of  Ormond  claims  a  right  to  the 
minerals,  in  confequence  of  a  grant  in  the  reign  of  King  Henry  (he  Second  by  Prince  John^ 
during  his  command  of  his  father's  forces  jn  Ireland  ;  which  grant  was  renewed  and  con* 
firmed  by  Queen  Elizabeth,  and  again  by  King  Charles  the  Second  ». 

The  fummit  of  the  mountain  is  the  boundary  between  the  counties  of  Wicklow  and 
Wexford;  feven  Englifli  miles  weft  from  Arklow,  ten  to  the  fouth-weftward  of  Rathdrum, 
and  fix-fouth-wefterly  from  Cronbane  mines ;  by  cftimation  about  fix  hundred  yards  above 

*It  was  afterwards  found  that  this  grant  had  been  annuUcd  by  an  aft  of  the  Irifli  Parliament  near  the 
^ginnbg  of  the  prelent  century^    Mr.  Mills  has  fince  worked  this  mine  oo  account  of  GoTcrameBr.    N. 
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Ac  level  of  the  fca.  It  extends  W.  by  N.  and  E.  by  S.  and  ftretchcs  away  tD  the  north^i 
caftward  to  Ballycoage,  where  fhafts  have  formerly  been  funk,  and  fome  copper  and 
magnetic  iron  ore  has  been  found  j  and  thence  to  the  N.  E.  where  extends  a  traft  of  mineral 
country  eight  miles  in  length,  running  through  the  lands  of  Ballymurtagh,  Ballygahan, 
Tigrony,  Cronebane,  Connery,  and  Kilmacoe,  in  all  which  veins  of  copper  ore  are  found  % 
and  terminating  at  the  flate  quarry  at  Balnabarny. 

On  the  higheft  part  of  the  mountain  are  bare  rocics,  being  a  variety  of  argillitc  ♦,  whofe 
joints  range  N.N.  E.  and  S.  S.iW.  hade  to  the S.  S.W.  and  in  one  part  include  a  rib  of 
quartz  three  inches  wide,  which  follows  the  diredion  of  the  ftrata.     Around  the  rocks  for 
fome  diftance,  is  found  ground,  covered  with  heath ;  defcending  to  the  eaftward  there  is 
fpringy  ground  abounding  with  coarfe  grafs ;  and  below  that  a  very  extenfive  bog,  in  which 
Ae  turf  is  from  four  to  nine  feet  thick,  and  beneath  it  in  the  fubftratum  of  clay  are  many 
angular  fragments  of  quartz,  containing  chlorite  and  ferruginous  earth.     Below  the  turbary 
the  ground  falls  with  a  quick  defcent,  and  three  ravines  are  obferved.     The  central  one, 
which  is  the  moft  confiderable,  has  been  worn  by  torrents,  which  derive  their  fource  from 
the  bog  •,  the  others  are  formed  lower  down  the  mountain  by  fprings,  which  uniting  with 
the  former,  below  their  junftion  the  gold  has  been  found.      The  fmaller  have  not  water 
Sufficient  to  wafli  away  the  incumbent  clay  fo  as  to  lay  bare  the  fubftratum ;  and  their  beds 
onlf  contain  gravel  conftfting  of  quartz,  with  chlorite  and  other  fubftances  of  which  the 
mountain  confifts.     The  great  ravine  prefents  a  moft  interefting  afpe£); ;  the  water  in  ita 
defcent  has  in  a  very  (hort  diftance  from  the  bog  entirely  carried  off  the  clay,  and  con* 
fiderably  worn  down  the  fubftrata  of  rock,  which  it  has  laid  open  to  infpedlion. 
Defcending  along  the  bed  of  the  great  ravine,  whofe  general  courfe  is  to  the  eaftwardu 
V       a  yellow  argillaceous  fhiftus  is  firft  feen;  the  laminae  are  much  (battered,  are  very  thin, 
have  a  flight  hade  to  the  S.  S.  W.  range  £•  S.  £  and  W.  N.  W.     Included  within  the  fliift 
is  a  vein  of  compaft  barren  quartz,  about  three  feet  wide,  ranging  N.  E.  and  S.  W,  $ 
below  this  is  another  vein  about  nine  inches  wide,  having  the  fame  range  as  the  formeri^ 
and  hading  to  the  northward,  confifting  of  quartz  including  ferruginous  earth.    Lower 
down  is  a  vein  of  a  compa£t  aggregate  fubftance,   apparently  compounded  of  quartz, 
cchraceous  earth,  chert,  minute  particles  of  mica,  and  fome  little  argillite  of  unknown 
<^.         breadth,  ranging  E.  and  W.  hading  faft  to  the  fouthward,  and  including  firings  of  quartz 
from  one  to  two  inches  thick,  the  quartz  containing  ferruginous  earth.     The  yellow  argil* 
laceous  fliiftus  is  again  feen  with  its  former  ha()e  and  range  \  and  then  adjacent  to  a  quartz 
vein  is  laminated  blue   argillaceous  (hiftus,   ranging  N.  E.  and  S.  W»  and  hading  S.  £. ; 
which  is  afterwards  feen  varying  its  range  and  hade,  running  E.  N.  E.  and  W.  S.  W.  and 
llading  N.  N.W.     Lower  down,  the   Woe  fliift  is  obferved  more  compaft,  though  ftili 
laminated.     The  ground,  lefs  fteep,  becomes  fpringy,  is  inclofed,  and  the  ravine,  (hallower, 
has  depofited  a  confiderable  quantity  of  clay-fand  and  gravel.     Following  the  courfe  of  the 
ravine,  or,  as  it  may  now  more  properly  be  called,  the  brook,  you  arrive  at  the  road  which 
leads  to  Arklow ;  here  is  a  ford,  and  the  brook  has  the  Irifti  name  of  Aughatinavought  (the 
river  that  drowned  the  old  man) ;  hence  it  defccnds  to  the  Aughrim  river,  juft  above  its  con* 
fluence  with  that  from  Rathdrum,  which  after  their  juncflion  take  the  general  name  of  the 

♦  Kirwan,  edit.  i;94i  P;  234. 
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()vv>  that*  diicbarfrino:  itfelf  into  the  fca  near  the  town  of  Arklow,  forms  an  harbour  foar 
vcito'5  of  i\nd\\  burtheiu 

The  i.iiuls  of  iBaliinvally  are  to  the  fouthwarJ,  and  the  lands  of  Ballinagore  to  the  north* 
ward  ii  the  ford,  where  the  blue  fhiflus  rock,  whofe  joints  are  nearly  vertical,  is  fccn  ran# 
gin;;  E.N.  E.  and  VV.S.W.  ineludi-iig  frnall  ftrings  of  quartz  which  contain  fciruginous 
earth.  The  ilime  kind  of  earili  is  alfo  feon  in  the  quartz,  contained  in  a  v-ein  from  ten  to 
twelve  incl-'^rs  wide,  ranging  E.  N.  E.  and  VV.  S.  W.  and  hading  to  the  fouth ward;,,  which  has- 
been  laid  open  in  forming  the  Arklow  road. 

There  the  valley  is  from  twenty  to  thirty  yards  in  width,  and  is  covered  with  fubflances 
wafned  down  from  the  mountain,  which  on  the  fides  have  accumulated  to.  the  depth  of 
about  twelve  ftet.  A  thin  ftratum  of  vegetable  foil  lies  uppermoftj  then  clay  mingled  with 
fine  fand  compofed  of  fmall  particles  of  quartz,,  mica,  and  (hift ;  beneath  which  the  (nn^ 
fubftances  are  larger,  and  conftitute  a  bed  of  gravel  that  alfo  contains  nodules  of  fine  grain- 
ed iron-ftone,  which  produces  50  per  cent,  of  crude  iron  :  incumbent  on  the  rock atc.larg^ 
tumblers  of  quartz,  a  variety  of  argillitc  and  (hiftus  ^  many  pieces  of  the  quartz  are  pcrkQ.^ 
\y  pure;  others  are  attached  to  the  (hiftus^  others contaift. chlorite,  pyrites,  mica,  and  fer^- 
ruginous  earth;  and  the  arfenical  cubical  pyrites  frequently  occurs  imbedded  in  the. blua 
feiftus.  In  this  mafs  of  matter,  before  the  workings  began,  the  brook  had  formed  its  chan^ 
nel  down  to  the  furface  of  the  rock,  and  between  fix  and  fcven  feet  ^yide,  but.  in  times  of 
floods  extended  itfelf  entirely  over  the  valley^' 

Refearches  have  been  made  for  the  gold  amidd  the  fand  and  the  gravel  along  the  run-of 
the  b/ook  for  near  half  a  mile  in  length  ;  but  it  is  only  about  one  hundred  and  fifty  yard$ . 
above,  and  about  two  hundred  yards  below  the*'ford,  that  the  trials  have,  been  attended  with, 
siuch  fuccefe  r  within  that  fpace  the  valley  is  tolerably  levels  and  the  banks  of  the  brook  hava 
not  more  than  five  feet  of  fand  and  gravel  aibove  the  rock:  added  to  this,,  it  takes  a.  fmall. 
turn  to  the  fouthward,  and  confequently  the  rude  furfaccs  of  the  fbifims  rock  in  fomc  degree 
erofs  its  courfe,  and  form  natural  impediments  to  the  particles  of  gold  being  carried  fiirthec 
down  the  ftream,  which  ftill  lower  has  a.  more,  rapid  defcent^     Befides,  the  rude  manner  in 
which  the  country  people  worked  feldjom  enabled  them  to  penetrate,  to  the  rock  in  thofc: 
places  where  the  fand  and  gravel  were  of  any  material  depths.    Their  method  was  to  turn 
the  courfe  of  the  water  wherever  they  deemed  neceflary,  and  then  with,  any Jnftruments  thew 
Could  procure  to  dig  holes  down  to  the  rock,  and,  by  wafliing  in  bowls  and  fieves  the/and^ 
and  gravel  they  threw  out,,  to  feparate  the  particles  of  gold  which  it  contained;  and  froni 
the  flovenly  and  hafiy  way  in  which  their  operations  were  performed,, much  gold  mofl:  pro%. 
bably  efcaped  their  fearch  :  and  that  indeed  a^ually  appears  to  have  been  the  cafe;,  for,  fincc* 
die  late  rains  waftied  the  clay  and  gravel  which,  had  been  thrown  up,  goldhas  been  found, 
lying  on  the  furface.     The  fituation  of  the  place,  and  the  conftant  commandof  water,  do. 
however  very  clearly  point  out  the  great  facility  with  which  the  gold  might  be  feparated  bortk 
the  trafli,  by  adopting  the  mode  of  working  pr.a£lifed  at  the  beft  tin  dream  woxJcjS  in  thc- 
oounty  of  Cornwall ;.  that  is,  entirely  to  remove  (by  machinery)  the  whole  coveroflF  the  rock^ 
and  then  wa(b  it  in  proper  buddies  and  fieves*     And  by  thus  continuing  the  operationSj^ . 
conftantly  advancing  in  the  ravine  towards  the  mountain,  as  long  as  gold  fhould  be  iound^ 
ihe  vein  that  forms  its  matrix  might  probably  be  laid  bare. 
Tbe  difcovery  was  made  public^  and  the  workings  began  early  in  the  month  of  September 
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laft  (1795)?  and  continued  till  the  i8th  of  Odober,  when  a  party  of  the  Kildare  militia  ar* 
TJved,  and  took  pofleflion  by  order  of  government ;  and  the  great  concourfe  of  people,  who 
were  bufdy  engaged  in  endeavouring  to  procure  a  iharcof  the  treafure,  ioimediately  defifted 
from  their  labour,  and  peaceably  retired. 

Calculations  have  been  made,  that,  during  the  foregoing  period,  gold  to  the  amount  of 
tliree  thoafand  pounds  Irifh  ftcriing  was  fold  to  various  perfons ;  the  average  price  was 
three  pounds  fifteen  {hillings  per  ounce  ^  hence  eight  hundred  ounces  appear  to  have  been 
collefted  within  the  (hort  fpacc  of  fix  weeks. 

The  gold  is  of  a  bright  yellow,  perfeilly  malleable  ;  the  fpecific  gravity  of  an  apparently 
clean  piece  19,000.  A  fpecimen  alTayed  here  by  Mr.  Weaver  in  the  moid  way  produced 
from  24  grains,  22  -^^t  grains  of  pure  gold,  and  i  ^^^  of  filver.  Some  of  the  gold  is  inti- 
mately blended  with,  and  adherent  to  quartz  s  fome  (it^  is  faid)  was  found  united  to  the  fine- 
grained  iron-done,  but  the  major  part  vvas  entirely  free  from  the  matrix;  every  piece  more 
or  lefs  rounded  on  the  edgesj  of  various  weights,  forms  afid  fizes,  from  the  mofl  minute  par- 
ticle up  to  2  oz.  17  d wt.  i  only  two  pieces  are  known  to  have  been  found  of  fuperior  weight, 
and  one  of  thofe  is  five  and  the  other  twenty-two  ounces. 

The  bearings  are  all  taken  by  the  compafs,  without  allowing  for  the  variation. 
William  Molefworth,  Efq,  of  Dublin,  in  a  letter  to  Richard  Molefworth,  Efq.  F.  R.  S. 
writes,  that  he  weighed  the  largeft  piece  of  gold  in  his  balance,  both  in  air  and  water,  and 
that  its  weight  was  20  oz.  2  dwt«  21  gr.  and  its  fpecific  gravity  to  that  of  fterling  gold^ 
as  12  to  18.  Alfo,  that  Richard  Kirwan,  Efq.  F.  R.  S.  found  the  fpecific  gravity  of  another 
fpecimen  to  be  as  13  to  18.  Hence,  as,  the  gold  was  worth  4I.  an  ounce,  Mr.  William 
Molefworth  concludes  that  the  fpecimens  are  full  of  pores  and  cavities  which  increafe  their 
bulk,  and  that  there  are  fome  extraneous  fubftances,  fuch  as  dirt  or  clay,  contained  in  thofe 
cavities. 

This  opinion  was  difcovered  to  be  well  founded,  by  cutting  through  fome  of  the  fmall 
lumps.  .  « 

Stanefby  Akhorne,  Efq.  his  Majefty's  afTay-mafter  at  the  Tower  of  Londpn,  aflayed  twa 
fpecimens  of  this  native  gold.    The  firft  appeared  to  contain  in  24  carats,  . 
214  of  fine  gold, 
i^  of  fine  filver. 

^  of  alloy,  which  feemed  to  be  copper  tinged  with  a  little  iron. 
Tbefecond  fpecimen  differed  only  in  holding  21  {•  inflead  of  21 1  of  fine  gold. 
Major  John  Brown,  of  the  royal  engineers,  tranfmitted  to  the  Right  Hon.  Thomas 
Pelham  a  (ketch  of  the  fpot  where  the  gold  was  found,  which  Mr.  Fclham  permitted  to 
be  engraved'for  the  ufe  of  the  Royal  Society,  and  of  which  fig*  5.  plate  IX.  is  a  copy,  one 
of  the  fizc.of  the  original. 
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VII. 

Jn  Jlccdunt  of  the  Principles  and  Effe8  of  Steam  Engines^  which  aSl  ly  means  of  a  Pijfon. 
TFith  Defcriptions  of  the  Jtmofpherical  Engine  of  NewcomeN  and  CawLEY^  the  Engim 
•fWATT^  which  woris  in  Vacuo ;  and  a  new  Engine  by  Mr,  SjDLEEf  in  which  the  dire^ 
A^ion  of  Steam  and  the  Prejfure  of  the  Jtmofphere  are  combined. 

OOME  account  of  the  original  (leam-englne  of  the  Marquis  of  Worcefter,  and  its  fub- 
fcquent  improvements,  has  been  given  in  a  former  paper  in  this  work*.  One  of  the  chief 
imperfections  of  that  engine  was  then  ihewn  to  confift  in  the  ixxtOi  aftion  of  the  fteam,  for 
forcing,  being  neceffarily  more  than  equal  to  the  weight  of  the  column  of  water  required 
to  be  raifed  \  in  confequence  of  which,  it  became  in  mod  cafes  an  indifpenfable  condtdon^ 
that  the  boiler  and  veilels  (hould  be  very  llrong,  as  well  as  that  a  large  quantity  of  fuel 
ihould  be  confumed,  to  produce  (learn  fufficiently  denfe.  It  is  probable  that  thefe  inconve* 
oiences  may  have  early  dire£led  the  thoughts  of  various  ingenious  men  to  the  application  of 
a  pifton,  though  the  difficulties  of  the  undertaking  feem  to  have  retarded  this  purfuit  for  a 
confiderable  time.  The  firft  fteam-engine,  with  a  pifton,  made  in  1707  by  Papin  f ,  waa 
little  calculated  to  remove  thefe  difficulties ;  and  it  is  to  Newcomen  and  Cawley  that  Mre 
arc  indebted  for  the  application  of  a  piiton  with  machinery,  by  which  the  indirect  a^on 
of  fieam  little  fironger  than  the  atmofpbere,  or  rather  the  dire  A  adion  of  the  atmofphere,  is 
made  to  a£l  with  fafety  and  cffe£t  againd  the  mod  fevere  preflures.  It  appears  that  they  had 
brooght  their  engine^  about  the  year  1713  ^9  to  a  degree  of  perfe&ion  little  difFerent  froiA 
thofe  which  arc  to  be  feen  at  prefent.  A  particular  defcription  of  this  engine,  with  draw«» 
ings  of  its  parts,  and  a  confiderable  portion  of  the  hidory  of  its  invention,  are  to  be  met  with 
lA  Defaguliers's  Courfe  of  Experimental  Philofophy,  and  it  has  alfo  been  defcribed  in  many 
other  books.  For  thefe  reafons,  I  (hall  in  this  place  give  merely  a  verbal  account  of  its 
principles  and  mode  of  operation. 

Suppofe  a  very  large  fyringe  to  be  fet  upright,  and  a  pifton  or  plug  mferted  at  the  upper 
end,  the  ufiial  aperture  being  fuppofed  to  be  at  the  lower  extremity.  If  this  laft  aperture  be 
open,  the  pidon  will  defcend  by  its  own  weight,  negle^^ing  the  efie£t  of  fridlion  at  its  cir- 
cumference. But  let  it  be  imagined,  that  the  pifton  is  fupported  by  a  counter-weight  at  the 
oppofite  extremity,  by  a  lever  or  by  any  other  means.  In  this  cafe  die  pifton  will  not  defcend 
unlcTs  more  weight  be  added  to  it.  Among  the  various  ways  of  applying  fuch  a  weighty 
there  is  one  which  confifts  in  exhaufting  the  air  from  the  internal  part  of  the  cylinder 
beneath  the  pifton.  For,  if  this  were  done,  k  is  evident  that  the  whole  prefiure  of  the  atmo- 
fpbere, which  amounts  to  about  twelve  pounds  on  every  circular  inch,  will  become  afiive 
upon  the  upper  furface.  If  the  vacuum  were  to  be  produced  by  means  of  an  air«pump,  it  mijr 
eafily  be  allowed,  that  the  labour  of  eflFe£ling  it  would  be  at  lead  equal  to  that  of  any  work 
which  might  he  performed  by  the  fubfequent  defcent  of  the  pifton^  We  have  feen  that,  in 
Savery*s  engine,  tlie  operation  of  deam  is  twofold  j  namely,  by  the  direft  prcfliire  from  its 

♦  Pbilofophical  Journal,  I.  419, 
+  Loco  citato,  p.  421. 

X  Dc!^.  ulicrs  in  his  Lcaurcs,  ii.  467,  fays  that  it  had  been  in  ufc  neir  thirty  years  at  the  time  he  wrote, 
and  the  impcimaiur  to  his  work  bears  date  November -i  7, 1743.   Sec  alfo  p.  531  of  the  iame  volume 
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tiafttcitjr,  and  by  the  indireft  confequcnce  of  its  condenfatton,  which  aflTords  a  vacuum. 
This  laft  is  the  only  principle  difplayed  in  Newcomen's  engine.  In  order  to  produce  the  - 
vacuum  at  pleafure,  it  becomes  requifite  that  various  apertures  (hould  be  foimed  at  the  bot« 
tom  of  the  cylinder  or  fyringe  we  have  been  fpeaking  of :— one  to  communicate  fteam/rom 
a  boiler  ;  another  to  admit  a  jet  of  cold  water,  to  condenfe  that  fteam  during  the  interval  in 
which  the  communication  from  the  boiler  is  cut  off;  a  third  provided  with  a  pipe  called  the 
educlion-pipe,  to  carry  off  the  condenfed  fteaoi  and  inje^ion  water  \  and  iaftly,  a  fmall 
lateral  aperture  or  valve  through  which  the  permanently  elaftic  fluid,  which  cannot  de* 
fcend  through  the  cduftion-pipe,  may  be  driven  out.  This  laft  is  called  the  fnifting 
clack.  By  thefe  provifions  the  operation  is  made  to  take  place  as  follows :  The  pifton 
being  up,  the  fteam-cock  is  opened  and  fteam  iifues  from  the  boiler,  which  being  left 
than  half  the  weight  of  common  air,  rifes  to  the  top  and  expels  the  air  through  the 
cduQion-pipe,  of  which  the  lower  extremity  is  covered  with  a  flap  valve  in  a  trough 
of  water.  When  the  noife  of  its  efcape  is  heard  the  fteam-cock  is  fliut,  and  the  injedtion- 
*j>ipe  being  opened  « throws  a  ftream  of  cold  water  againft  the  bottom  of  the  pifton* 
The  fteam  becomes  immediately  condenfed,  and  the  preflure  of  the  atmofphere  forces  the 
pifton  down  into  the  vacuum.  Upon  its  progrefs  downwards  the  inje£lion.  pipe  is  clofed^ 
and  when  it  has  arrived  nearly  to  the  bottom  of  the  cylinder,  the  fteam-cock  is  again  open- 
ed. Theelaftic  fteam  then  not  only  fiHs  the  fmall  fpace  between  the  cylinder  and  the  bot« 
tom,  bttt  its  prefiure  affifts  the  edu£kion  water  to  pafs  off*  through  its  pipe,  and  drives  the 
dileogaged  elaftic  fluid  through  the  fnift.  In  this  ftate  therefore  the.  fteam  is  fomewhat 
fironger  than  the  atmofphere,  and  counterpoifes  its  a£lion  on  the  tipper  furface  of  the 
pifton;  whence  the  pifton  itfelf  rifes  by  the  a6Hon  of  the  counter- weight,  and  regains  it» 
original  pofition  at  the  top  of  the  cylinder.  A  fecond  repetition  of  the  procefs,  namely,  of 
(hutting  oflF  the  fteam  and  injedling  cold  water,  caufes.  it  again  to  defcend,.  and  in  this^ 
inamner  the  alternations  may  be  continued  without.limit. 

As  the  prefture  requifite  to  woric  an  engine  of  this  kind  with  fpeed,  and  to  overcome  the 
fridion  of  its  parts,  may  be  eftimated  at  about  ^i  pounds  for  every  round  inch,  the  efFe£)| 
of  a  pifton  three  feet  in  diameter,  with  ten  ftrokes  of  fix  feet  each  per  moment,  will  be  ta 
ratfe  a  weight  of  near  half  a  ton  at  the  rate  of  one  foot  per  fecond.  Such  a  power  will 
therefore  be  very  confiderable. 

It  is  to  be  underftood^  that  the  opening  and  (hutting  of  the  fleam  and  injection  cocks 
are  performed  by  apparatus  fixed  to  the  working  beam,  in  fuch  a  manner  as  ta  ftrike  the 
levers  of  thofe  cocks  at  the  precife  inftants  of  time  when  their  eiFe£ls  are  required  to  be  pro* 
ductd.     The  attendant  has  no  other  office  to  perforin  than  keeping  up  the  fire. 

This  curious  and  moft  eminently  ufeful  engine  became  an  obje£);  of  the  refearches  of 
Jaines  Watt,  then  of  Glafgow,  but  fince  aifociated  with  Matthew  Boulton  of  Birminghaou 
It  would  be  fuperfluous  for  me  to  enter  into  any  general  account  of  the  fcience  and  intelli* 
gence  of  either  of  thefe  engineers,  or  of  the  great  advantages  which  fociety  muft  ever  derive 
when  the  fpirit  of  enterprife  is  joined  to  the  exertions  of  mental  ability.  Neither  can  I  here  ^ 
attempt  to  detail  the  yariety  of  new  refults  which  are  exhibited  in  the  fpecificacions  lodged 
by  Watt  in  the  Chancery  offices  concerning  tnis  objedl.  My  prefent  limits  and  the  atten«» 
tiw  which  the  world  has  i^eady  paid  to  theibeauncnt  me%  and  the  produ^  of  their  ety^ 

lightened 
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lightened  aftivity,  render  both  unneceflary.  I  (ball  therefore  confine  myfcif  to  remark,  that 
•the  great  features  of  improvement  made  in  the  engine  of  Newcomen  by  Watt  ar^,  firft,  that 
the  elafticity  of  the  fteam  itfelf  is  ufed  as  the  aflive  power  in  his  engine  \  and  fccondly,  that 
hefides  various  other  judicious  arrangements  for  the  economy  of  heat,  he  condenfes  the 
fteam,  not  in  the  cylinder,  but  in  a  feparateveflel. 

In  the  great  cylinder  or  fyringe,  concerning  which  we  have  fpoken,  in  defcribing  the 
engine  of  Newcomen,  let  us  fuppofe  the  upper  part  to  be  dofed,  and  the  pifton-rod  to  Aide 
atr-tight  through  a  callaf  of  leathers.     In  this  fituation,  it  is  evident,  that  the  pifton  might 
be  depreffed  by  throwing  the  fteam  upon  its  upper  furface,  through  an  aperture  at  the  fuperior 
end  of  th^  cylinder.     But  if  we  fuppofe  the  exterhal  air  to  have  accefs  to  the  lower  furface 
of  the  pifton,  we  ftiall  find,  that  fteam  no  ftronger  in  its  elafticity  than  to  equal  the  weight  of 
the  atmofphere  would  not  move  the  pifton  at  all ;  and  confequently  that  this  new  engine 
would  require  much  denfer  fteam,  and  confume  much  more  fuel  than  the  old  engine.     The 
remedy  for  this  evil  is  to  maintain  a  conftant  vacuum  beneath  the  pifton.     If  fucb  a  vacuum 
were  originally  produced  by  fteam,  it  is  certain  that  its  permanency  could  not  be  depended 
ORyUnlefs  the  engine  contained  a  provifion  for  conftantly  keeping  at  up.  Mr.  Watt's  contrive 
a9ce  in  his  fimpleft  engine  is  as  follows :  The  fteam  is  conveyed  from  the  boiler  to  the  upper 
part  of  the  cylinder  through  a  pipe,  which  alfo  communicates  occafionally  with  the  lower 
part,  and  beyond  that  fpace  with  a  vefl'cl  immerfed  in  a  trough  of  water  ;  in  which  veflel  the 
condenfation  is  performed  by  an  inje£led  ftreatn  of  cdd  water.   This  water  is  drawn  olF,  not 
by  an  eduAion-pipe  but  by  a  pump,  of  which  the  ftroke  is  fufficiently  capacious  to  leave 
room  for  the  elaftic  fluid,  feparated  during  the  injedlion,  to  follow  and  be  carried  out  with  the 
injoSlion  water.     Suppofe  now  the  pifton  to  be  at  its  greateft  elevation,  and  the  communi- 
cation from  the  boiler  to  the  upper  as  well  as  to  the  lower  parts  of  the  cylinder  to  be  opened* 
The  fteam  will  then  pafs  into  the  whole  internal  part  of  the  engine,  and  will  drive  the  air 
downwards  into  the  condenfer,  and  thence  through  the  valves  of  the  air-^pump.     In  this 
fituation,  if  the  communication  from  the  boiler  to  the  lower  part  of  the  cylinder  be  ftopped, 
and  an  inje<St!on  be  made  into  the  condenfer,  a  vacuum  will  be  produced  in  that  veflel^  and 
the  fteam  conuined  in  the  lower  part  of  the  cylinder  and  communication  pipe  will  expand 
itfelf  with  wonderful  rapidity  towards  the  condenfer,  fo  that  in  a  period  of  time  too  minute 
to  be  appretiated,  the  whole  of  the  fteam  beneath  the  pifton  will  be  prailically  condenfcd. 
The  fteam  which  continues  to  z€t  above  the  pifton  will  immediately  depreis  it  into  the 
vacuum  beneath ;  at  the  fame  time   that  by  connexion  with  the  external  apparatus  the 
pift:on  of  the  air-pump  alfo  defcends  in  its  barrel.     When  the  ftroke   is   nearly  com- 
pleted  downwards,  the   requifite    part  of  the  apparatus  fliuts  the  communication  with 
the  boiler ;  opens  that  between  the  upper  and  lower  parts  of  the  cylinder  and  condenfing 
vcffel ;  and  turns  the  injedion-cock.    At  this  very  inftant  the  pifton  lofes  its  tendency  tode» 
(cend,  becaufe   the  fteam  prefT^s  equally  on  both  furfaces,  and  continues  its  equality  of 
prcflure  while  the  condenfation  is  performed.     It  therefore  rifes ;  the  ii^eftion  is  ftoppcd  j 
and  the  air-pump  making  its  ftroke  fufFers  the  injefiion  water  and  a  confiderable  part  of 
the  elaftic  fluid  to  pafs  through  its  lower  valve.     The  vacuum  is  thus  kept  up  through  the 
whole  internal  capacity  of  the  engine.    As  foon  as  the  pifton  has  reached  the  upper  part  of 
the  cyhndcr,  the  communication  to  the  under  part  of  the  cylinder  is  ftopped,  and  tfaat  with 
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*  «e  boiler  opened  as  before ;  the  confcquence  of  whicB  is^  that  the  piftoii  agaiii  dcfcends, 
and  in  this  mariner  the  alternations  repeatedly  take  plac^.    »       ' 

•  The  principal  augmentation  of  power  in  this  engine^  compared  with  that  of  NTewconien, 
appears  to  arife  from  the  cylinder  not  being  cooled  by  the  injetSlion  water,  and  its  being 
pra<fticab!e  to  ufe  ftcam'fomewhat  ftronger  than  the  prefTure  of  the  atmofphere.     In  general 

-  thefe  engines  are  worked  by  fteam,  which  would  fupport  a  column  of  four  or  five  inches  of 
mercury  befides  the  preflure  of  the  atmofphere,  and  I  have  fometimes  feen  the  gage  as  hrgh 
as  eight  inches.  But  whether  the  comparative  profit  of  the  additional  work  was  fuch  as  to 
'  repay  the  extraordinary  conftmnptiori  of  fuel  in  fuch  cafes  may  be  ddubted  ;  and  indeed  I  fup- 
pofe  this  praflice  is  never  adopted  but  when  the  work  of  a  manufaflory  is  fuch  as  to  exceed 
the  power  or  rate  of  the  engine  conftrufted  for  performing  it.  ' 

The  moft  ample  information  refpefting  thefe  improvedfteam  engines,  which  is  to  be  mtt 
with  in  prints  is  found  in  the  Nouvelle  ArchiteAare  Hydrauliqoe  of  Prony. 

When  we  contemplate  thefe  engines  together' with  the  fimpler'  engine  of  Savcry,.one  of  the 
aioft  ftriking  differences,  is,  that  the  latter  is  not  embarrafled  with  the  weight  and  expeiice 
•of  the  beam  and  counterpoife.  F  believe  that  the  fly  was  firft  introduced  by  MeU'rs.  Watt 
and  Boulton,  as  an  equalizer  of  the  a£tion  in  fteam  engines,  which  in  various  conilrudlions 
renders  a  counterpoife  unneceffary,  but  k  feid  to  diminifti  the  power  by  loading  the  wort 
with  friftion  and  reflftance.  Of  this  liovrever  I  can  fay  nothing  fronv  my  own  experience 
or  obfervation.  The  counterpoife  is  alfd  unnecefiary  in  the  engines  called  double  engines^, 
in  which  the  fteam  is  made  to  aA  alternately  on  each  fide  of  the  pifton,  by  proper  communiu 
cation  from  the  boiler,  while  the  fpace  into  which' the  piflon  is  to  move  is  made  to  com- 
municate  with  the  condenfing  veflel,  where  a  conftant  inje£Uon  is  maintained.  I  was  alfb 
informed,  in  the  year  17949  that  fome  engines  had  been  conflruded  without  the  beam  j  bat 
die  architeA  from  whom  I-  had  the  information  did  not  flate  the  particulars. 

The  injeftion  water  and  elaftic  fluitl  are-  difpofed  of  in  Newcomcn*s  engine  with  fcareely 
any  lofs  of  power,  becaufe  the  fortner  flows  fpontaneoufly  through  the  edudion-pipe»  and. 
the  latter  is  driven  out  by  a  very  flight  effort  of  the  fteam  againft  the  atmofphere.     Watt^. 
engine  could  not  have  an  eduflion-pipe  unlefs  the  column  were  at  leaft  34  or  3'5  feet  long,, 
to  exclude  the  atmofphere,  and  even  in  that  cafe  there  could  be  no  fnift  to  deliver  the  elaftic 
'fluid.     It  was  therefore  ncceffary  there  fliould  be  an  air-pump  to  carry  oiF  both  ;  and  this  is . 
a  load  upon  the  engine  equal  to  the  amount  of  the  friftion  of  ihcfe  additional  parts  and 
the  whole  weight  of  the  edudHon  water.     I  am  not  well  informed  of  this  laft  quantity^  but. 
fuppofc  it  to  be  about  one  eightieth  ♦  part  of  the  power  of  the  engine. 

The  fteam-cngine  for  which  a  patent  has  lately  been  granted  to  Mr.  Sadler,  is  worked, 
without  a  lever  or  beam,  ajjd  confequently  has  not  the  inertia  of  that  heavy  mafs  to  over- 
come. The  greateft  part  of  its  aSion  is  performed  by  the  elafticity  of  fteam  ;  but  the  mofl: 
remarkable  charafter  of  his  invention  is,  that  part  of  the  fteam  previous  to  its  condenfation  ia^ 
ciriployed  a  fccond  time  in  another  cyHnder,  the  pifton  of  which  is  fubjedk  to  the  prcffiireof 
the  atmofphere.  By  this  fecond  application  it  not  only  performs  the  oflice  of  an  air-pitop. 
in  a  very  accurate  manner,  but  like  wife  adds  to  the  total  amount  of  force  in  the  machine.. 

^  Suppofipg  the  injedlion  water  to  be  about  ttv  of  the  magnitude  of  thcr  cylinder  within^  aadtluit ; 
the  ftroke  would  railc  I  of  the  fa^^e  inagmtud^  of  water  through  its  own  Icx^^ 
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Plate  X.  exhibits  a  projedion  of  part  of  this  engine,  the  boiler  and  the  working  parts 
being  left  out.  RS U T  reprefcnt  a  frame  of  wood.  A  is  the  larger  cylinder,  of  which 
the  pifton-rod  is  kept  vertical  by  a  wheel  I,  which  runs  between  parallel  plates  with  a  very 
final!  degree  of  {bake.  The  rife  and  fall  of  this  wheel  moves  the  arm  N  O  of  a  crank, 
which  drives  the  fly  P  Q^,  and  gives  motion  to  the  pumps  or  other  working  parts*  B  is  the 
iecond  cylinder  open  at  top,  the  piflon-rod  of  which  is  kept  vertical  in  like  manner  by  a 
wheel  K.  A  connexion  is  formed  between  the  two  piftons  by  the  lever  L  M,  which  caufes 
them  to  make  their  ftrokes  together.  D  is  a  valve  in  the  pifton  of  A,  which,  by  means  of  its 
tail  beneath,  is  opened  when  that  pifton  is  down,  and  continues  fo  during  the  whole  afcent^ 
until  it  becomes  again  clofed  by  the  preflure  of  its  crown  againlt  the  top  of  the  cylinder. 

Suppofe  the  piftons  to  be  near  the  tops  of  their  refpedive  cylinders,  and  the  valve  D  to  be 
open:  if  C  be  opened,  the  fteam  will  pafs  through  the  cylinder  A,  and  enter  B  by  the  pafiage 
E,  driving  the  air  before  it  through  the  valve  G.  If  then  the  valve  D  be  clofed  by  raifipg 
the  pifton  or  otherwife,  and  an  inje£lion  of  cold  water  be  made  through  F  into  B,  the  fteam 
in  diat  cylinder  and  beneath  the  pifton  of  A  will  be  condenfed,  and  both  piftons  will  d^- 
feend ;  that  in  A  by  the  a£lion  of  the  fteam,  and  that  in  B  by  the  preiTure  of  the  atmofphere. 
Near  the  termination  of  this  defcent  the  valve  D  will  be  opened,  and  the  pifton  in  A  will  bp 
left  at  liberty  to  rife,  in  confequence  of  the  equal  a£tion  of  the  fteam  on  both  fides,  at  the  faoie 
time  that,  the  valve  C  being  (hut,  there  will  be  no  farther  fupply  from  the  boiler.  The  fteam 
which  occupied  the  fpace  above  the  pifton  in  A  will  expand  through  E,  and  affift  the  rife  of 
the  pifton  in  B,  If  we  overlook  the  cfEcSt  of  refrigeration  in  the  paflage  £,  and  agamft  the 
pifton  at  B,  the  fteam  will  begin  to  a£l  beneath  this  pifton  with  a  force  not  greatly  different 
firom  its  laft  a£kion  upon  that  in  A.  It  would  not  be  eafy  to  calculate  Che  whole  efied  of 
die  fteam  in  its  fecond  application,  not  only  for  want  of  an  accurate  ftatement  of  the  elafti- 
city  of  this  fluid  during  its  expanfion ;  but  becaufe  the  pradical  effeA  of  the  temperature  of 
the  fecond  cylinder  in  dimini(hing  that  force  is  ftill  more  difficult  to  be  appretiated.  I  (hall 
therefore  only  obferve,  that  the  pifton  in  B  having  defcended  fo  as  to  touch  the  furface  of  the 
inje&ion  water,  and  the  elaftic  fluid  retting  upon  it,  not  only  caufes  that  air  but  a  portion  of 
the  hot  water  to  pafs  through  the  valve  W,  which  it  carries  up  and  difcharges  through  a 
conveyance  at  the  upper  part  of  the  cylinder  to  feed  the  boiler.  The  fteam  which  follows  it 
through  £,  drives  all  the  elaftic  fluid  through  the  valve  of  that  paffagc,  whence  it  remains  in 
B  till  the  next  ftroke  carries  it  off.  The  quantity  of  water  which  (hall  rife  above  the  pifton 
through  W,  may  be  regulated  foy  the  height  of  the  external  furface  of  the  ciftern  into  whicji 
thepipe'G  difcharges  itfelf.  The  excefs  of  the  aflion  of  the  fteam  beneath  the  pifton  in  B, 
beyond  the  weight  of  that  pifton  and  the  water  it  carries,  will  be  an  acquifition  to  the  power 
of  the  engine.  When  we  confider  the  fa£ts,  we  may  obferve,  that,  if  B  were  too  fmall,  the 
action  of  the  fteam  under  its  pifton  would  approach  more  nearly  to  equality  with  the  laft 
a£tion  in  A;  but  that  the  ftroke  would  be  infufficient  to  carry  off  the  elaftic  fluid,  and  the 
addition  to  the  force  of  the  engine  inconfiderable ;  and  on  the  other  hand,  if  it  were  too  large, 
the  greateft  part  of  the  rifing  ftroke  would  be  performed  againft  the  preffure  of  the  atmo- 
fphere,  with  very  little  afliftance  from  the  expanded  fteam.  Whence  it  follows,  that  there  is 
a  certain  definite  proportion  under  like  circumflances  of  pre/Ture,  temperature  and  work, 
between  the  two  cylinders,  which  will  produce  a  greater  cffed  than  any  other.  To  deter- 
mine this  would  be  the  bbjed  of  computation,  if  the  data  were  at  hand }  but  it  is  probable 
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Aat  an  expertmeiital  refult  wi^tb  regard  to  thofe  dimenAoos  might  be  obtaloed  with  la  little 
trouble  as  the  mere  data  fpr  copEip.utation. 
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On  thefuppofcd  Improvtmtn  t  tf  jtchrotnatic  Lenfe$^  when  rendered  more  tranjparent  fy  cementing^ 

them  together^ 


A 


N  achromatic  glafs,  conflfting  of  one  concave  and  two  convex  lenfes,  has  fix  £ir«^ 
feces  at  which  the  reflexion  of  light  can  take  place.  Two  evils  of  confiderable  magnitucti^ 
are  produced  by  this  reflexion.  The  focal  image  becomes  obCcure  from  the  lo&  of  th«: 
light  fo  diverted^  and  the  ground  or  field  of  view  is  rendered*  mifty  by  the  irregular  illumi* 
nation  zffordfd  by  part  of  this  lights  which  enters  the  tube.  Thel'e  con£fquences  ara 
ftrikingly  obferved  by  holding  an  achromatic  lens  in  fuch  a  manner  as  to  throw  the  image 
cf  a  window  upon  a  (beet  of  paper,  at  the  fame  time  that  a  like  image  is  afforded  by  ^ 
£mp1i?  convex  lens  of  the  fame  focal  length.  The  latter  image  will  be  bright  and  clear). 
while  the  former  is  very  faint.  As  the  re&xion  of  light  is  ftrongeft  at  furfaces  which  con** 
fine  mediums  mod  diflferent  ia  denfity,  it  may  naturally^  be  imagined  that  the  mifchievoui^ 
eflfedt  of  (he  four  furfac  es,  at  whi^h  the  lenfes  are  applied  to  each  other^  might  be  in  4. 
great  meaiure  removed  by  the  interpofition  of  a  denfer  fluid  thap  air»  ^Many  years  ago  the* 
Abbe  Rochon  made  fome  experiments  to  improve  achromatic  lenfes  by  this  invention^  anA 
Mr.  Grateloup  afterwards  made  afe  of  a  tranfparent  folid  for  the  fame  purpofe.  He  took  ai 
very  pure  tear  of  mafl'ic^  and  interpofed  a  piece  of  fixflicient  magnitude  between  the  knles  of  za 
achromatic  glafe.  Thefe  being  immer(ed  under  water  of  which  the  temperature  was  gradualljr 
f  aifed,  the  maflic  at  length  became  foft,  and  by  prefluxe  of  the  glaflEes  was  made  to  occupy 
the  whole  of  the  two  fpaces  between  the  concave  and  the  exterior  lenfes*.  After  this  pro» 
cefs  the  compound  lens  was  beautifully  tranfparent ;.  the  reflected  images  could  fcarcely  bsi 
difcerned ;  and  upon  trial  in  its  tube  the  telefcope  was  found  to  be  greatly  improved,^ 

My  attention  to  this  contrivance  was  excited  by  the  approbation  bedo wed  upon  a  tele«- 
fcope  of  this  kind,  of  27  inches  long  and  23  line^  aperture,  by  Citiaen  Lalande>  in  the  Con--       \. 
Boiflance  de  Tems  for  the  fourth  year  of  the  French  Republic,   page  364.     It  appeared  to 
Bie,  a^  it  cenainly  will  to  the  reader,  to  be  a  matter  of  no  fm^l  ftucprife,  that  an  improvement 

» 

*  Count  Caflini,  in  the  Memoirs  of  the  Parilian  Academy  for  S7S7,  p.  29,  informt  us,  that  a  memM  . 
fur  Us  mcfjfem  tk perfiSionner  les  lunettei  acbromattqfies  par  Cinterpqfition  d'un  fiu'uie  cntre  Us  objeSlifsy  by  the, 
Abb^  Roclvon,  was  read  before  that  Academy  in  January  J774,   and  infected  in  tlie  Recueil  des  Memoires  de 
Mecbanique  et  dc  Phy{tque»  which  I  have  not  feen  \  and  in  a  note  on  this  paifage  he   quotes  the  Report  ofr        .  ^ 

the  Commiffioners  of  the  Academy,  who  exprefs  thtir  fatisfa£tion  at  the  reluU  of  their  trials  for  corre£lfn^ 
great  part  of  the  defers  arifing  from  the  fuifacei  of  the  glaffes  by  the  iaterpoiition  of  a  fluid  tKtween  them^ 
but  recommend  trials  with  the  telefcopes  of  aftronorocrs  on  celcftial  objects;  which  it  fhouid  therefore  fcem  had) 
not  thenbeeiv  made.  The  fame  author  proceeds  to  acquaint  us,  that  Mr.  Grateloup  ufed  mailic  in  1785,  after- 
Vrhich  the  Sieur  Putois  made  excellent  lenfes  of  this  kind  ;  and  that  the  maftic  anfwcxed  well  with  con)poun4' 
knfes,  whofe  interior  furfaces  were  onlv  ground  (doi>cics)  but  not  po^iihed.  In  this  iaft  experiment,  however^ 
k  can  hardly  be  imagined  that  the  lens  would  have  fupportcd  nn  high  power;  becaufe  the  mafUc,  though  it 
might  affi>rd  tranfparcncy,  muft  have  left  the  confine^  gf  the  mediums  as  imperfe£i.as  before. 
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^24'  ExperimetiU  v)lih  Achromatic  Lenfes  cemented  togtiher* 

<5F'fuch  value  fliould  never  have  becri  adopted -in  this  kingdom.     As  it-is  no  whd'e  fiiid  that 
•  lenfes  were  conftru£led  with  a  particular  regard  tothe'<}en(tty  and  figure  of  tbeinterpded 
fwftic  J  but  there  feems  reafon  to  conclude,  that  in  every  cafe  an  achromatic  lens  of  the 
4ifual  conftru£lion  was  ftated  to  have  been  rendered  more  perfe£t  by  this  treatment, — I  thought 
It  beft  to  overlook  the  theoretical  objedtions,  and  confine  myfelf  in  the  firft  inftance  to  expf^ii- 
meatand  enquiry.    For  this.purpnfel  took  an  achromatic  leDS,  confiding  of  two  conve;^  lenfes 
and  one  concave,  oF  which  the  radii  need  not  here  be  detailed.     When  together  they  formed  a 
'Compound  lens  of  7^  inches  focus,  with  an  aperture  of  nearly  i^  inch,  which,  upon  a  rough 
trial  with  a  magnifying  power  of  30  times  Exhibited.  fcarce)y  any  colour.  ^  Upon  filling  the 
interftices  of  this  lens  wkh  water^  the  focal  image  became  much  brighter;   but  the  focal' 
diftance  was  diminiflied  to  fomewhat  lefs  than  fix  inches,  and  much  colour  was  produced 
with  as  Iowa  magnifying  power  as  ten  times.     It  is  evident,  therefore,  that  the  lens  was 
greatly  injured  i)y  the  expedient  made  ufe  of  to  prevent  the  lofs  by  reflexion  >  and  it  may^ 
cafily  be  inferred  that  a  denfer  fubftance,  fuch  as  mafticy  would  have  ihortened  its  focus  and^ 
4iilurbed  its  compenfations  .in  a  A\\\  greater  degree. 

Some  time  after  making  this  experiment,  I  applied  to  the  celebrated  Mr.  Ramfden,  to  whofe 
unequalled  ability  and  invention  the  arts  of  philofophical  obfervation  are  fo  highly  indebted^ 
I  did  not  exped  to  receive  any  information  tending  to  fhew  that  a  combination  of  lenfes, 
differing  in  curvature  at  the  Airfaces  of  appofition  and  achromatic  in  the  air,  could  retain 
the  fame  property  when  either  partially  or  totally  immerfed  in  another  tranfparent  medium 
df  different  refraflive  or  difperfiye  power.     My  principal  obje&  was,  to  know  whether  the 
French  philofophers  had  can(lru£led  lenfes  of  fix  parts  duly  adapted  to  each  other  -,  that  is  to. 
fiiy^  confidering  the  two  portions  of  maftic  as  lenfes,  and  not  merely  as  a  medium  to  prevent^ 
lois  by  reflexion.     From  him  I  learned  that  the  fuppofed  improvjement  had  long  fince  been 
communicated  to  him  by  fome  gentlemen  of  the   Paris  academy,  who  affirmed  that  an 
achromatic  lens  of  Dollond*s  make  had  been  much  improved  by  the  intcrpofltion  of  maflic 
between  its  parts,  at  the  fame  time  that  they  af&rted  in  general  terrhs  that  the  fame  might 
be  done  with  any  other  objedl  glafs  of  this  kind.      He  put  a  good  objeA  glafs  into  their 
bands  for  this  purpofe.     l*he  experiment  was  made,  and  the  refult  proved  fimilar  to  that 
which  I  have  already  related.     The  aberrations  from  figure  as  well  as  colour  became  very 
^rceptible;— -and  in  a  word  the  lens,  though  much  clearer,  had  loft  its  moft  valuable 
^alities* 

Such  is  the  refult  of  a  procefs  which  has  been  in  the  pofTefTion  of  our  learned  neighbours 
for  about  four-and  twenty  years,  and  is  ftill  efteemed  by  them  ;  but  which  has  never  betn 
S^dopted  by  our  opticians  : — a  procefs,  the  value  of  which,  it  (hould  appear,  might  be  afcer* 
^ined  in  an  inflant  by  mere  infpcftion  through  the  telefcope  in  queftion.  We  fcem  as  if 
driven  to  the  fuppofition  that  fomething  might  yet  remain  unexplained.  Has  the  mifchief 
of'this  procefs  been  overlooked  by  men  fo  acute  and  enlightened  ? — Or  has  it  happened  that 
ihe  interior  curvatures  of  the  lenfes,  on  which  they  operated,  were  nearly  parallel  to  each 
Dther  ;  fo  that  the  addition  of  light  (with  the  magnifying  power  commonly  ufed  with  aa 
index  telefcope)  might  be  thought  to  offer  an  advantage,  in  angular  oblervations,  more  thaa 
Sufficient  to  t:ompenfat«  for  the  other  defeds  ? 
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Defcrtpfton  (fa  very  Jtmple  Apparatus  for  performing  the  great  Experiment  of  producing  Water 
hy  the  Combu/lion  of  Hydrogen  Gas^     Invented  by  Mr,  JoHN  ClfTHBEiiTSON  *. 


A 


D  B  C,  fig.  6|  plate  IX.^  reprefents  the  indrument  (landing  in  a  veflel,  abc  d^  nearly^ 
filled  with  water.         ^  *^ 

A  D  is  a  large  glafs  bottle,  holding  about  looo  cubic  inches  of  water,  mounted' at  the  top^ 
with  a  brafs  cap,  which  fcrews  off  at  A.  The  rifing  part  at  the  bottom  is  bored  through 
and  mounted  with  brafs,  in  which  fcrews  a  piece  reprefented  by  a  b,  fig.  7,  having  a  part 
at  dne  end  which  fits  into  the  hole,  and  the  other  end  a  (hank  with  a  fcrew  at  the  bottom; 
EF,  fig.  6,  is  a  ftraight  bar  of  brafs ;  B  C  are  tW(»  ghfs  receivers,  mounted  at  the  top  ^ith 
brafs,  each  having  a  fhank  which  pafTes  through  the  brafs  bar,  and  by  means  of  a  femak; 
fcrew  is  fcrewed  fall  to  it :  thefe  mountings  are  perforated  perpendicularly,  and  havealfo  a 
fide  hole,  which  correfponds  with  a  hole  in  the  brafs  bar,  pafling  from  the  (hank  of  each  TC^ 
cciver ',  which  hole  alfo  correfponds  with  two  holes  reprefented  in  fig.  7,  communicating 
with  the  infide  of  the  large  bottle.  At  L,  M,  in  the  brafs  bar,  are  two  air- cocks,  with  hole» 
drilled  through  them  in  fuch  a  direftion,  that  when  the  blades  of  the  cocks  (land  length> 
wife  with  the  bar  they  correfpond  with  the  holes  in  it.  F  R  and  E  N  are  two  (Iraight  flat 
pieces  of  brafs  i  in  each  of  them  is  a  hole,  through  which  pafs  the  ends  of  two  fcrews,  that 
are  fcrewed  fad  into  the  fides  of  the  veiTel  containing  the  water,  and  confine  the  bars  bjr 
means  of  two  female  fcrews.  O  P  is  a  long  brafs  wire,  with  a  piece  of  platina  wire  at  the 
end  P  Lthi^  wire  is  fixed  to  the  niounting  at  the  top  of  the  bottle,  and  is  bended  fo  that  the 
end  P  (lands  as  near  as  po(rible,  but  not  to  touch  the  fmall  hole  which  pa(res  through  the  piece 
a  b,  fig.  2. 

When  this  inftrument  IS  to  be  ufed,  the  large  gfafs  muft  be  firft  filled  wuh  oxygen  gas- 

(or  common  air  when  mere  exhibition  is  intended) :  this  may  be  done  either  by  means  of  an 

air  pump,  or  by  filling  it  with  water,   inverting  it  and'  fufFcring^  the  air  to  afcend.     When? 

cither  of  thefe  operations  i?  to  be  performed,  it  mud  fird  be  detached  from  the  receivers  by 

unfcrewing  the  two  female  fcrews  Q,Q;,     All  the  other  parts  remain  annexed  to  it,  and  care 

mud  be  taken  that  the  two  air-cocks  are  (hut.     When  it  is  filled  with  the  air  required,  it  muft 

be  fet  upon  the  receivers,  the  mountings  of  which  are  marked,  as  well  as  the  bar,  and  care 

mud  be  taken  that  they  are  not  mi'placed  :   the  whole  indrument  mud  then  be  placed  ih     * 

the  water  ve(rel,  as  is  reprefented.    The  receiver  B  has  a  hole  about  the  middle  at  t.    This 

receiver  mud  be  filled  with  oxygen  gas,  and  C  with  hydrogen  gas.     When  the  airs  or  gafes 

axe  to  be  ligfited,  eleftric  fpatks  mud  be  made  to  pafs  from  the  end  of  the  platina  to  the 

hole  in  a  continual  fucceffion  5  and  while  thefe  fparfcs  are  pading,  the  cock  L  mud  be  opened 

by  degrees  tillthi  air  is  feen  to  take  fire*,   the  ekftric  fparks  mud  then  ceafe,  and  the  fiase 

of  the  flame  may  be  regulated  by  turning  the  cock  either  one  way  or  the  other.     The  othtfr 

cock  mud  then  be  fet  either  quite  open,  or  partly  fo,  accordingly  as  you  find  the  flame  af- 

fefted  by  it.     As  you  find  the  gafes  decreafe  in  the  receivers,  fill  them  by  certain  known 

meafures,  and  continue  th^  operation  f« 

SCIENTIFIC 

•  Communiratcd  by  George  Pearfon,  M.D.  F.R.S.  &c» 

i".  The  above  defcription  was  drawn  up  by  Mr.  Cuthbcrtfon.     I  find,  upon  examination  of  the  apparatus  at  Dl*. 
FttifoQ*s  houfc,  that  the  hole  through  which  the  hydrogen  is  introduced  is  made  very  fmall,  but  that  the  othier  hbte 
.,  .  Hh  a.  ttfirou^, 


/^ 
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SCIENTIFIC    NEWS. 

j/cccunt  if  the  Public  Sltttag  vf  the  Nati§fial  Injfitute  ef  Sciences  and  Arts^  hiU  at  Paris  ibi 

l^th  MeJidoKy  in  the  Year  FL  {July  3,  1 798.) 

V->ITIZEN  Bitaube  took  the  chair  at  half  pad  five  o'clock,  the  citizens  Villats  and  An- 
drieux  pcrfbrmiiigthc  office  of  fecrctarics.  Citixcn  Villars  afcended  the  tribune,  and  gave 
an  account  of  the  operations  of  the  clafs  during  the  lad  trimeftre,  of  which  the  following 
is  an.9bftra£l : 

A  memoir  of  Cit.  Camus  on  the  typographic  art,  polytipage,  and  the  art  of  compoGng 
jgeographical  charts,  fuch  as  have  been  executed  by  the  celebrated  Haas  at  Bafle. 

A  memoir  of  Cit,  Langles  on  the  Arabian  poets  who  preceded  Mahomet.  ITiis  young 
and  laborious  (ludent  (hewed  that,  even  at  a  period  fo  remote,  the  greater  part  of  thefe 
writings  poflefled  confiderable  poetical  merit. 

Cit.  Monges  read  a  memoir  on  the  ruins  of  Perfepolis,  in  which  he  proves  that  the  de« 
ftrtt£lion  by  Alexander  was  not  total,  but  that  it  fubfided  long  afterwards. 

Cit.  Papon,  affociatc  correfpondent  of  the  clafs  of  moral  and  political  fciences,  tead  to 
the  clafs  of  literature  a  memoir  on  the  advantages  which  may  be  obtained  from  the  ftud/ 
of  Greek  and  Roman  in(criptions,  in  ordor  to  afcertain  a  variety  of  hidorical  fafls. 

Cit.  Lefevre-Gtneau  gave  a  (hort  ac.count  of  the  obje£t  of  the  various  mathematical 
memoirs  which  had  been  read  during  the  lad  trimedre. 

A  memoir  of  Cit.  Lamarck  concerning  the  a£tion  of  the  moon  upon  the  atmofphere.  It 
has  been  obferved,  that  when  tliis  fatellite  is  to  the  north  of  the  equator,  the  winds  blow, 
for  the  mod  part,  from  the  north ;  and  that  thejT  pafs  to  the  wed  or  fouth-wed,  which  in 
ihefe  climates  are  attended  with  rain,  when  the  moon  is  to  the  fouth  of  the  equator. 

Cit.  Flangaques,  aAbciate  correfpondent  at  Vivicrs,  tranfmitted  to  the  clafs  a  memoir  on 
ihe  refra£Uon  of  light. 

Cit*  Leboflut  communicated  a  memoir  on  the  integral  calculus,  which,  befides  the  per« 
fpicuous  difpofition  of  its  parts,  exhibits  fome  original  methods  invented  by  the  author. 

A  memoir  of  the  laborious  and  indefatigable  Meffier,  on  the  coipet  of  the  23d  Germinal^ 
{April  12).  The  orbit  of  this  coquet,  which,  after  having  been  feen  for  43  days,  difap« 
peared  in  the  condellation  Urfa  Major,  has  been  calculated  according  to  the  method  of 
liaplace.  Fifty  comets  have  already  been  obferved  by  Meflier,  of  which  21  were  difcovered 
by  him. 

Cit.  LafTus,  who  was  appointed  to  give  an  account  of  the  memoirs  on  natural  philofophy . 
and  chemidry,  mentioned  a  memoir  of  Cit.  Guyton  on  the  aiBnities  and  the  decompofition 
4^t  £ilts  at  a  temperature  beneath  the  freezing  point* 

through  which  the  oxygen  paiTes  is  of  confiderable  magnitude.  I  conclude  that  thefe  dimenfions  of  the  aper« 
twes  were  afccrtained  l)y  experiment,  as  the  beft  fuited  to  the  complete  though  flow  combuftion  of  the  hydro- 
tgen.  As  the  bulk  of  hydrogen  gas  required  to  be  introduced,  for  perfect  combuftion,  it  tti'rtt  thin  twice  thtt 
of  the  oxygen,  and  the  fri^ion  through  the  fmall  aperture  is  very  great,  it  becomes  necelfary  that  the  preifuro 
to  extrude  the  former  ihould  be  the  ftrongeft.  The  hole  t  renders  it  impoflible  to  extrude  the  oxygen  by  the 
xczdCvm  of  any  longer  column  of  water,  than  from  that  hole  to  the  furface  of  the  water  in  the  tub^  but  the 
f  rdTurc  which  can  be  exerted  in  the  velfcl  fi  is  nearly  twice  as  much.    N* 

Cib 


Ct.  Clouct,  affoclatc  correfpondcnt  at  Ouzour,  near  Gien,  tranfmittcd  a  memoir  to  the 
clafs,  dcfcribing  a  method  of  convcrtirfg  iron  into  ftcel  without  cementation.  He  makes 
ufe  of  filex,  alumine>  &c 

Cit.  Baume,  likewife  aflbciate  correfpondcnt,  read  to  the  clafs  a  ir.r^.moir  on  the  material 
of  which  artillery  is  made,  and  the  caufe  of  the  degree  of  heat  they  acquire  after  a  few  dit^ 
charges.     He  olFers  a  new  comporitioii  lefs  fufccptible  of  becoming  heated. 

Cit.  Gibcrt  treated  of  fleece-bearing  animals,  or  flieep,  and  the  advantages  which  com- 
merce may  derive  from  their  produce.  Lamarck  gave  an  account  of  the  cuttle  fifh;  and 
Cit.  Cuvier,of  the  internal  difpofition  of  the  throat  of  birds,  by  means  of  which  they  utter 
foi^nds  more  or  left  acute.  Cit.  Dcfeflarts  was  the  author  of  an  excellent  memoir  on  the 
fmall-pox,  with  a  (hort  account  of  Galvanifm. 

The  clafs  of  mathematical  and  phyfical  fciences  had  propofcd  as  the  fubjeft  of  a  prire, 
to  be  determined  on  the  15th  Vendemiaire,  in  the  year  Vll,  (Odlober  6,  1798)  for  which 
the  produflions  of  candidates  were  to  be  received  until  the  firft  of  Germinal  laft,  (March 
21, 1798)  the  following  queftion  : 

What  are  the  ufes  of  the  liver  in  the  various  clafles  of  animals  ? 

One  memoir  only  has  been  received,  which  does  not  apply  to  the  queftion*  The  clafii 
has  therefore  thought  proper  to  divide  it,  in  order  to  facilitate  the  folution.  In  this  form 
it  becomes  the  obje£t  of  two  prizes.    The  queftion  for  the  firft  prize  is. 

To  afcertain  the, form,  fituation,  magnitude,  comparative  weight,  texture  of  the  veflcls/^ 
CommunicationsVand  appendices  to  the  liver,  confidered  in  the  principal  clafles  of  .animals 
from  man  to  infefts,  mollufcae,  and  worms. 

The  obje£l  of  the  fecond  prize  is, 

The  anaiyfis  of  the  hepatic  or  cyftic  bile  in  the  feveral  clafles  of  animals  here  mentioned. 

Memoirs  will-be  received  till  the  firft  Nivofe,  in  the  year  VIII,  (December  21,  1799) 
and  the  prize  will  be  afcertained  on  the  isth  of  Germinal  following  (April  4).  •  The  prize 
for  each  queftion  will  be  a  medal  of  gold  weighing  one  kilogramme  (22966 grains,  or  47oz, 
lydwts.  troy).  The  Inftitute  has  publiflied  a  program,  exhibiting  the  conditions  to  which 
candidates  mufl:  conform.  ^ 

A  prize  was  decreed.  It  was  divided  between  two  different  works ;  but  in  efieft  it^provtd 
tut  one,  bccaufe  the  fame  perfon  was  entitled  to  both.  In  the  year  IV  the  chfs  of  matho* 
matical  and  phyfical  fciences  propofed  the  following  objefl:  : 

To  conftruft  a  pocket  watch  proper  to  determine  the  longitude  at  fea,  by  obferving  fuch 
divifions  as  indicate  the  decimal  parts  of  the  day,  namely,  tenths,  thoufandths,  and  ten 
thoufandths;  or  the  fyftem  in  which  the  day  (hull  be  divided  into  ten  hours,  the  hour  into 
one  hundred  minutes,  and  the  minute  into  one  hundred  fect)nds. 

The  Inftitute  divided  the  prize  between  two  watches.  No.  i.  bearing  the  epigraph  **  Ma 
**  llberte  fait  ma  conftance  ;'*  and  No.  2.  having  the  infcription  "  Au  tems  qui  inftruit." 

Cit.  Louis  Berthout  confljrufied  both  watches.    His  name  w^s  proclaimed  amidft  the  ap« 
,plaufes  ot  the  afliftants. 

The  clafs  of  moral  and  political  fciences  prof^ofed  the  two  following  queftions,  one  re« 
lative  to  the  fecial  fcience,  and  the  other  to  geography  : 

What  ought  to  be  the  extent  and  the  limits  of  power  in  the  father  of  a  family  in  a^  well* 
tonftituted  republic  ? 


ijifi  Proecedings  of  thi  National  InflttuU  of  Pranof. 

The  reception  of  memoirs  will  terminate  on  ttc  isth  Meflidor,  in  the  year  VIF,  (JuTy  j^ 
J 799)  and  the  prize  will  be  diftributed  the  15th  Vendemiairc,  in  the  year  VIII  (Odobcrtf, 

1799). 

To  determine  the  fjrcat  changes  which  have  taken  place  in  the  globe  of  the  earth>  and 
«re  either  indicated  or  proved  by  hiflory. 

The  concurrence  will  ceafe  on  the  5th  Vendcmiairc,  in  the  year  VIII,  (Oflober  6|, 
1799)  and  the  prize  will  be  diftributed  on  the  15th  Nivofe  following  (January  4, 1800). 
,  The  fame  clafs  had  two  prizes  to  diftribute  at  this  fitting-  One  on  the  queftion,  i.  For 
what  obje£lSj  and  on  what  con/litions,  is  it  proper  that  a  republican  ftate  (hould  open  x 
public  loan  ?  The  other  on  this  qucftion:  2.  What  are  the  inftitutions  xnoft  proper  ta 
cflablifh  the  morals  of  a  people  ? 

The  memoirs  tranfmitted  not  having  complied  with  the  conditions  of  the  program,  the 
Inftitute  propofes  again  the  queftion  refpefting  loans  for  the  year  Vil.  The  concurrenoe 
will  clofe  on  the  7th  Meflidor  (June  25,  1799)1  the  priz^  will  be  given  on  the  15th  Vta- 
demiaire  following  (Oflober  6,  1799)  ;  and  the  clafs  of  moral  and  political  fciences,  at  i|s 
next  public  fitting,  will  give  a  new  program  for  the  development  of  the  queftion  refpeft-^ 
ing  initiiutions.  Among  the  memoirs  which  have  been  received,  three  are  noticed  as  worthy 
of  diftinftion,  refpedlively  bearing  the  epigraphs,  i.  Si  forte  necefle  eft  . . .  hngere. ,  .noh 
cxaudita  » ^.  contingent  \  dabiturque  licentia  fumpta  prudenter.  2.  Nee  enim  ulla  res  veho* 
mentius  rempublicam  continet,  quam  fides.  3.  On  n'honore  pas  la  vertu ;  on  la  refpe£le,. 
The  prize  propofed  for  thefe  four  queftions  will  be  a  gold  medal  of  the  weight  of  fiiie 
Leflogrammes  (i  1483  grains,  or  23  oz.  iSdwts.  troy). 

Cit.  Lacuee,  fecretary,  in  a  fliort  account  of  the  labours  of  his  clafs,  fpoke  of  two  memoirs^ 
of  Cit.  Delifle-Defalles,  and  another  of  Cit.  RoeJerer,  all  three  concerning  the  government 

*  of  China.  It  cannot  be  difTembled,  that  it  will  always  be  very  difficult  in  France  to  acquire 
a  pcrfe£l  knowledge  of  the  government  of  a  nation,  of  which  the  laws  cannot  be  ftudied  in 
the  country  iifelf,  or  at  leaft  in  the  writings  of  that  people.  Depending  on  the  report  of 
other  writers,  who  themfelves  may  not  have  been  perfedly  informed,  the  two  members 
of  the  Inftitute  have  maintained  different  opinions,  and  each  refers  to  his  authorities.  Cix. 
Defalles  affirms  that  this  gSVernment  is  tyrannical,  and  brings  fa£ls  in  proof  of  this 
ailertion.  Cit.  Roederer,  from  the  ftability  of  the  government^  deduces  a  proof  that  its 
bafis  is  republican.     He  eftablifhes,  with  much  acutenefs,  a  difference  between  the  patri- 

•'archal  government,  in  which  a  fingle  chief  influences  the  whole  family,  and  the  paternal 
government,  in  which  the  authority  is  divided  into  as  many  branches  as  there  arc  married 

'Individuals.     He  likewife  treats  of  the  fyftem  of  the-Chinefe  writing.. 

Cit.  Villeterque,  affociate  correfpondent,  read  a  memoir  fomewhat  abftraded  on  the 
difference  between  experiment  and  reafoning  in  philofophy. 

Cit.  Goffelin  was  mentioned  as  the  author  of  another  memoir,  in  which  he  has  developed 
the  geographical  fyfi em  of  Polybius.     It  is  known  that  this  expreffion  denotes  the  ideas 
which  that  hiftorian  entertained  refpefting  the  mathematical  divifions  of  the  furface  of  ilie 
globe,  and  the  fituations  of  places.     The  fame  Ikilful  geographer  has  before  proved  that    ' 
£yatoftbenes,  Strabo,  and  Ptolemy,  had  very  incorrea  notions  of  this  fciencc. 

Certaia 


1 
•1. 


Schntsfic  ifnvs.-^SttHerranewi  Read  beneatlt  ihi  Tbd/hes.  ^f> 

*  Certain  memofrs  of  Cit.  Bouchad,  on  the  legiflation  of  the  Romans,  and  their  humirmatic 
liiftory,  were  mentioned  ;  and  after  thefe  accounts  the  preddent  fuccefiivcly  announced  the' 
readings.     . 

Cic.  Lefevre-Gineau  read  for  Cit.  David  Leroy  a  memoir  on  the  (hips  of  the  ancient% 
in  which  he  proves  that  we  may  derive  ufeful  in{lru6^ion  from  them.  Cit.  Delambre  read  a. 
memoir  on  the  meafure  of  a  bafe  taken  in  the  neighbourhood  of  Melun,  for  determining  the. 
Ien2:th  of  the  meridian. 

Cit.  Fleurieu  read  a  memoir  on  the  civilization  of  the  north*wefl:  parts  of  America,  where 
the  traces  are  found  of  acquifitions  which  do  not  belong  to  nations  abfolutely  favage  ;  fuch- 
as  ingenious  con{lru£lions,  fculptures  and  indiiferent  paintings  reprefencing  animals,  the 
parts  of  the  human  body,  &c.  He  concludes  that  their  anceftors  fled  to  thefe  countries 
from  the  ravages  of  the  Spaniards  during  the  conqueft  of  Mexico. 
,.  Cit.  Chaptal  read  a  memoir  on  the  yellow  colour  obtained  from  vegetables. 

Cit.  Monges  difculTed  the  queftion,  whether  the  two  antique  ftatues  known  by  the  names 
of  the  gladiator  and  the  dying  gladiator  do  really  reprefent  gladiators.  He  clearly  efta- 
hlifhes  the  difference  which  exided  between  the  gladiators  of  the  Romans  and  the  athletics 
of  the  Greeks.  The  firft  were  barbarians,  whofe  lives  were  mercilefsly  expofed  j  the  fecond, 
Greeks,  and  fometimes  heroes,  who  'diftinguifhed  ihemfelves  by  their  ability  in  perfonal  ac* 
tivity.  The  author  does  not  believe  that  the  ftatues  in  queftion  are  entitled  to  the  deno- 
minations they  bear. 

Cit.  Colin  d'Harleville  himfelf  read  a  dialogue,  entitled,  "  Man  and  his  confcience,''  a 
very  well  written  philofophical  production.  Cit.  Lalande  read  a  piece  on  the  variation  of 
the  magnetic  pole. 

The  fitting  was  terminated  by  Cit.  Mole,  who  delivered  a  very  happy  tale  written  by  Citi 
Anjdrieux,  entitled,  The  Dean  of  Badajoz. 


*  THE  public  attention  has  lately  been  much  excited  by  a  projeft  of  Mr.  R.  Dodd,  engineer^ 
for  a  communication  between  the  counties  of  Kent  and  Eflex,  by  a  tunnel  or  fubterraneous 
road  beneath  the  Thames,  from  Gravefend  to  Tilbury.  The  particulars  as  they  appear  ia 
the  newfpapers,  inferted  as  I  apprehend  by  the  engineer  hirrifelf,  arc  as  follow : 

The  tunnel  is  to  be  cylindrical,  and  lined  on  all  fides  with  *flone  keyed  together  in  the' 
manner  of  an  arch;  the  internal  diameter  to  be  fixteen  feet,  which  Mr.  Dodd  imagines  will 
befuflicient  for  foot,  horfe,  and  carriage  paflengers.     The  paflage  mufl  of  courfe  be  illumi- 
nated  with  lamps,  and  a  ftcam-engine  is  propofed  to  be  erected  in  a  proper  fituation  to  drav7 
ofFthe  drainage  water  if  any  (hould  accumulate.     The  eftimate  is  dated  as  follows: 
To  900  yards  (running  meafure)  of  tunneling,   including  excavations,  vaulting 

with  key- ftones,  &c.  at  111.  per  yard  -  -  ...    ^.  I0|8o0 

To  relaying  the  bottom  with  new  made  ground  900  yards  at  il.  each  -  goo* 

To  placing  lamps  and  lamp  irons  through  the  tunnel,  coUeftors*  rooms,  and  gates 

at  each  end  •  •  -  •  .,  4|.oo 

To  making  good  the  entrance  roads  at  each  end  of  the  tunnel  -  •  i6o 

To  a  fteam-engine  to  draw  ofF  drainage  water  -  •  ^  l»78o 

Neceflary  machinery  during  the  executiori  -  -  .  joo 

To  ten  per  cent,  upon  the  whole  for  contingencies  «  '•  «  1*415 

9  Total,  £'^Sy9SS 


14»  Tutml  htn$MAthi  Tbamis^^SiM  SattlUtes  o/tbe  G^ifgiwn  Si  Jus. 

I  do  not  find,  Trom  the  enquiries  I  have  yet  been  able  to  make,  that  any  effedi  ve  fteps  bava 
been  taken  towardt  carrying  this  plan  into  execution.  It  may,  as  Mr,  D.  obicrves,  be  done 
either  at  the  expence  of  the  two  counties,  or  by  a  private  fharing  company  under  an  aSt  of 
Farliament  of  the  fame  tenor  as  is  ufually  obtained  for  canals.  But  whatever  may  be  the 
mode,  there  can  be  no  doubt  of  the  very  great  commercial  advantages  of  fuch  a  communi* 
cation.  It  would  demand  a  greater  degree  of  attention  and  refeaxch  into  the  circumftances. 
of  local  fituation J  fuch  as  the  depth  and  pofition  of  the  main  channel,  the  elevatrons  of  tho 
banks,  the  nature  of  the  ground,  with  the  prices  of  materials  and  workmanifaip,  than  on  the 
prefcnt  occafion  can  be  thought  of,  to  form  any  judgment  of  the  eftimate  or  the  difficulties 
which  may  attend  this  important  work.  To  the  great  public,  Mr.  Dodd's  propofal  will  ap« 
pear  interefling  in  a  more  general  point  of  view.  When  it  is  coofidered  that  the  pra£tice  of 
xnaking  tunnels  has  now  been  known  for  a  confiderable  number  of  years  in  this  king^ 
dom ;  that  in  many,  if  not  moft  inftantes,  a  tunnel  will  be  much  cheaper,  and  full  as  fafe^ 
durable  and  convenient  as  abridge ;  that  the  tunnel  may  be  made  (at  lead  in  favourable  cir« 
cumftances  of  the  ground)  in  fituations  where  a  bridge  would  be  impracticable,  and  will  leave- 
that  moft  valuable  deftderatum  the  clear  navigation  above  unimpeded  :-^this  happy  thought 
of  Mr.  Dodd  may  be  allowed  topromife  beneficial  confequences  of  the  greateft  magoitude  ta 
the  community.  _^ 

Dr.  Hekschel  has  difcovered  four  additional  fatellites  of  the  Georgium  Sidus*  His  papef ' 
on  this  objed  is  iniexted  in  the  late  publication  of  the  Royal  Society  *•  By  recurring  to  bis 
former  communication  on  this  fubjedli,  the  two  old  fatellites  are  found  to  revolve,  the  firft 
JO  8  days  1 7  h.  i  m.  1 7  fee.  at  the  didance  of  33''  from  its  primary,  and  the  fecond  in  1 3  d.  1 1  h« 
5  m%  i,s  fee.  at  the  diftance  of  44^^,123.  The  planes  of  their  orbits  form  fuch  large  angles  with 
that  of  the  planet  itfelf,  and  confequently  to  the  ecliptic,  as  to  be  almoft  perpendicular  to  iu 
To  this  remarkable  departure  from. the  analogy  of  the  old  planets  another  dill  more  Angular 
is  now  announced.  Thty  move  in  a  retrograde  direQUn  I  The  new  fatellites  revolve  as  folio ws^. 
the  periodical  times  being  inferred  from  their  greateft  elongations :  The  interior  fatelike  ia 
5  d.  21  b.  25  m.  at  the  diftance  of  25''95.-— A  fatellite  intermediate  between  the  two  old 
ones  in  10  d.  23  h.  4  m.  at  the  diftance  of  38'',S7. — ^The  neareft  exterior  fatellite  at  about 
double  the  diftance  of  the  fartbeft  old  one^  and  confequently  its  periodical  time  38  d.  i  b« 
49  m.— -And  the  nioft  diftaot  fateltite  full  four  times  as  far  from  its  primary  as  the  old  fecond 
fatellite.  Whence  it  will  take  at  leaft  107  d.  1 6  h.  40  m.  to  comjdete  hs  revolution..  Whetber 
tbe  motions  of  thefe  four  be  dire£l  or  retrograde,  is,  I  fuppofe,  not  yet  determineda 

From  fonne  obfervations  of  the  Do£lor,  with  an  excellent  feven  foot  telefcope,  certain  appear* 
ances  refembling  that  of  two  rings  furrounding  the  planet,  and  crofling  eacli  other  at  right 
an^l<  s,  ^-ere  feen  on  feveral  different  days.  They  were  not  altered  in  pofition  by  turning  the 
If.eculum  in  it<^  cell ;  but  there  is  little  doubt  that  they  wereoptical  deceptions,  becaufe  they 
kept  their  po&tion  with  refpe£l  to  the  tube,  after  the  relative  pofition  of  the  parallel  bad  been 
much  changed  by  the  earth's  rotation,  and  becaufe  they  did  not  appear  with  larger  tdefcopet. 
applied  during  the  courfe  of  ten  years.  The  difk  of  the  Georgium  Sidus  is  flattened.  It  there^ 
fore  r*  vr.lvcs  with  confiderable  rapidity  on  its  axis.  From  the  very  faint  light  of  the  fatellites^ 
tfaey  are  ohfcrved  to  difappear  in  thofe  parts  of  their  orbits  which  bring  them  apparently  neareft- 
ti)e  pkinet  Xhis  does^ot  arife/rom  an  atnaofpliyere  \  fiar  the  eSb£t  is  the  iame,  whether  the 
foetiitebe  within  or  beyond  the  planet. 

•  Phil.  Trraf.  179S,  p  47.  f  Ibid.  17SS.    • 
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ARTICLE   I. 

Bicperiments  §n  earhnatii  Hyirogimus  Gas ;  with  a  Vtiw  to  determine  whether  Carhn  h  M 

JimfU  •r  a  compound  Su^ance  •.    By  Mr.  WlLUAM  HsNRT. 

X  HE  progrefs  of  chemical  fctence  depends  not  only  on  the  acqulfition  of  new  fad^i  but 
en  die  accurate  eftablifhment,  and  juft  valuation,  of  thofe  we  already  poflfefs :  for  its  general 
principles  will  •therwife  be  liable  to  frequent  fubverfioniSL;  and  the  mutability  of  its  do£lrines 
will  but  ill  accord  with  the  unvaried  order  of  nature.    Imprefled  with  thts  conviftion,  I 
have  been  induced  to  examine  a'late  attempt  to  withdraw  from  its  rank  amc^g  the  element^ 
txy  bodies,  one  of  the  moft  interefting  objects  of  chemiftry.    The  inferences  refpeding  the 
compofition  of  charcoal,  deduced  by  Dr.  Auftin  from  his  experiments  on  the  heavy  inflam* 
finable  air  f,  lead  to  changes  fo  numerous  in  our  explanations  of  natural  phenomena,  that 
they  ought  not  to  be  admitted  without  the  ftriAeft  fcrutiny  of  the  reafoning  of  this  philofo* 
pher,  and  an  attentive  repetition  of  the  experiments  themfelves.    In  the  former,  fources  of 
fallacy  may,  I  think,  be  eafily  dete£led ;  and  in  the  latter  there  is  reafon  to  fufpe£t  that  Dr. 
Auftin  has  been  miflcd  by  inattention  to  fome  collateral  circumftances.    Several  chemifts^ 
however,  of  diftinguifhed  rank  have  expreiled  themfelves  fatisfied  with  the  evidence  thus 
produced  in  favour  of  the  compofition  of  charcoal ;  and  amongft  thefe  it  may  be  fufficient 
to  mention  Dr.  Beddoes,  who  has  availed  himfelf  of  the  theory  of  Dr.  Auftin  in  explaining 
fome  appearances  that  attend  the  converfion  of  caft  into  malleable  iron  %. 

The  heavy  inflammable  air,  having  been  proved  to  confift  of  a  folution  of  pure  charcoal 

*  From  the  Phil.  Tranf.  1797.  f  PhU.  Tranf.  vol.  IztX.  p.  jit 
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t^2  Eseperlminis  on  earhnated  Hydrogin  Ga$* 

in  Ifght  inflammable  air,  is  termed  in  the  new  nomenclature,  carbonated  hydrogenous  ga»w 
By  repeatedly  pafling  the  ele6lric  (hock  through  a  fmall  quantity  of  this  ga?,  confined  in  a. 
bent  tube  over  mercury.  Dr.  Auftin  found  that  it  was  permanently  dilated  to  more  than 
twice  its  original  volume.  An  expanfion  fo  remarkable  could  not,  as  he  obferves,  be  oc- 
cafioned  by  any  other  known  caufc  than  the  evolution  of  Irght  inflammable  air. 

When  the  eleftrified  air  was  fired  with  oxygenous  gas,  it  was  found  that  more  oxygen 
was  required  for  its  faturatron  than  before  the  a£kion  of  the  ele£lric  fluid  ;  which  proves  that 
.by  this  procefs  an  a£lual  addition  was  made  of  combuftlble  matter. 

The  light  inflammable  air  difengaged  by  the  cleSrization  proceeded  without  doubt  from 
fhe  decompofition  of  fome  fubftance  within  the  influence  of  the  eleftric  fluid,  and  n«t  mcrc-^ 
ly  from  the  expanfion  of  that  contained  in  the  carbonated  hydrogenous  gas :  for,  had  the 
quantity  of  hydrogen  remained  unaltered,  and  its  (late  of  dilatation  only  been  changed,  there 
would  not,  after  dedtrization,  have  been  any  increafed  confumption  of  oxygen. 

The  only  fubftances  in  contafl  with  the  glafs  tube  and  mercury,  in  thcfe  experiments,  be-i- 
fides  the  hydrogen  of  the  denfe  inflammable  gas,,  were  carbon  and  water ;  which  laft,  though 
probably  not  a  conftituent  of  gafes,  is  however  copiouily  difFufed  through  them.  If  the 
evolved  hydrogen  proceeded  from  the  decompofition  of  the  former  of  thefe  two  fubftances^ 
it  is  evident  that  a  certain  volume  of  the  carbonated  hy^ogenous  gas  muft  yield,  after 
tle£trization,  on  combuftion  with  oxygen^  lefs  carbonic  acid  than  an  equal  volume  of 
fion-ele£trified  gas  ;  or,  in  other  words,  the  inflammation  of  2o  meaiures  of  carbonated  hy» 
drogen  expanded  by  electricity  from  10^  fhould  not  aflFord  fo  much  carbonic  acid  as  lo 
meafur^s  of  the  uneledlrifiedr 

From  the  fa£l;  which  has  been  before  ftated,  refpeAing  the  increafed  confumption  dT 
oxygen  by  the  eleflrified  air,  it  follows,  that  in  determining  the  quantity  of  its  carbon  by 
oombuftion,  fuch  an  addition  of  oxygen  (hould  be  made,  to  that  neceflary  for  the  faturatidii 
<tf  the  gas  before  expofure  to  the  electric  ibock,  as  will  completely  faturate  the  evolved 
l^ydrogen..  For,,  if  this  caution  be  not  obfcrved,  we  may  reafonably  fufpeft  that  the  produ£)l 
cf  carbonic  acid  is  diminiflied,  only  becaufc  a  part  of  the  heavy  inflammable  air  has  efcaped 
com&uftion.  It  might  indeed  be.  fuppofed,  that  in  confequence  of  the  fupcrior  aflinity  of 
cari)on  for  oxygen,  the  whole  of  the  former  fubftance  contained  in  the  denfe  inflammable 
gas  would  be  faturated  and  changed  into  carbonic  acid,  before  the  attraflion  of  hydrogen  for 
oxygen  could  operate  in  the  produ6lion  of  water.  But  I  have  found  that  the  refid.Oe,  afte* 
inflaming  "the  carbonated  hydrogenous  gas  with  a  deficiency  of  oxygen,  and  rempving  the 
carbonic  acid,  is  not  fimply  hydrogenous,  but  carbonated  hydrogenous  gas. 

In  the  2d,  5th  and  6th  of  Dr.  Auftin*i5  experiments,  in  which  the  quantity  of  carton  ii» 
the  ele£lrified  gas  was  examined  by  deflagrating  it  with  oxygen,  the  combuftion  was  in-r 
complete  becaufe  a  fufficiency  of  oxygen  was  not  employed  ;  and  Dr.  Auftin  himfe'lf  wa^ 
aware  that  in  each  of  them  "  a  fmall  quantity  of  heavy  inflammable  air  might  efpape  iin-' 
altered.'^  It  is  obfervable  alfo,  that  the  produfk  of  carbonic  acid  from  the  eleftrified  gas  in- 
creafed in  proportion  as  the  combuftion  was  more  perfeft.  We  may  infer,  therefore,  that  i£ 
it  had  been  complete  there  would  have  been  no  deficiency  of  this  acid  gas,  and  confequent* 
ly  no  indication  of  a  decompofition  of  charcoal.  A  ftrong  objeftion,  however,  is  applicable 
to  thefe  as  well  as  to  moft  of  Dr.  Auftin's  exp«riments,:that  the  refiducs  weienot  examined 
with  fufficicnt  attention.    In  one  inftance^  wc  are  told,  that  th»  remaining  gas  was  inflara. 

joable^ 


inflU(%  ai^d  in  another  that  it  fupported  combuftion  like  vital  air.  I  need  hardly  remark, 
that  a  fatisfaflory  analylis  cannot  be  attained  of  any  fubflance,  without  the  moft  rcrupulou^ 
regard  not  only  to  the  qualities,  but  to  the  precife  quantities  of  the  produdls  of  our  opera- 
tions. , 

To  the  8th  and  pth  experiments  the  objeftion  may  be  urged  with  additional  weight, 
which  has  been  brought  againftxhe  preceding  ones,  that  the  quantity  of  oxygen,  iuftead  oif 
being  duly  increafed  in  the  combuftion  of  the  eledlrified  gas,  was  on  the  contrary  diminiill^ 
ed.  Thus,  in  tiie  8th  expertment  ?,83  meafures  of  carbonated  hydrogen  were  inflamed  with 
4,58  meafures  of  oxygenous  gas>  but  in  the  9th,  though  the  2,83  meafures  were  dilated  to 
5,16,  and  had  therefore  received  a  cenfiderable  addition  of  combuftible  matter,  the  oxygen 
employed  was  only  4,09%  To  the  reft  of  Dr.  Auftin's  experiments,  either  one  or  both  of  the 
above  objedions  are  applicable.  ^ 

The  firft  and  moft  important  ftep,  therefore,  in  the  repetition  of  thefe  experiments,  is  to  dc- 
^ermine  whether  the  carbonated  hydrogenous  gas  really  fuftains  by  the  procefs  of  ele£lrization 
a  diminution  of  its  quantity  of  carbon;  becaufe,  (hould  this'be  decided  in  the  negative,  we 
derive  from  the  fad  a  very  uibful  dire£):ion  in  afcertaining  the  true  fource  of  the  evolved 
hydrogen.  The  following  experiments  were  therefore  made  with  g  view  to  decide  this 
ijueftion,  and  the  error  of  Dr.  Auftin  in  employing  too  little  oxygen  was  cartfully 
avoided  *. 

Experiment  1.  In  a  bent  tube  (landing  inverted  over  mercury,  94,5  meafures  of  carbo- 
nated hydrogenous  gas  from  acetite  of  pot-afh  were  mixed  with  107,5  of  oxygen.  The 
total,  202,  was  reduced  by  an  explofion  to  128,5,  and  was  further  contracted  by  lime  water 
to  54.     A  folution  of  hepar  fulphuris  left  only  23  meafures. 

The  diminution  by  lime  water,  viz.  74,5  meafures,  makes  known  to  us  the  quantity  of 
carbonic  acid  afforded  by  the  combuftion  of  94,5  meafures  of  carbonated  hydrogenous  gas. 
And  the  refiduc  after  the  a£iion  of  hepar  fulphuris,  viz.  23  meafures,  gives  the  proportion  cK 
azotic  gas  contained  in  the  carbonated  hydrogen  j  for  the  oxygenous  gas  employed,  which 
was  procured  from  oxygenated  mtfriatc  of  pot-a(h,  was  fo  pure,  that  the  fmall  quantity  ufcd 
in  this  experiment  could  not  contain  a  meafurable  portion  of  azotic  gas. 

Experiment  2.  The  fame  quantity  of  carbonated  hydrogen  was  expanded  by  repeated 
eledrical  fhocks  to  188  meafures.  The  addition  of  hydrogenous  gas  therefore  amounted  to 
93,5.  The  gas  thus  dilated  was  fired  at  different  times  with  392/5  meafures  of  oxygenous 
gas ;  and  the  refidue  after  thefe  feveral  explofions  was  203.  meafures.  Lime  water  reduced 
it  to  128,5,  ^^^  fulphure  of  pot-afh  to  19,5.  In  this  inftance,  as  in  the  former  one,  the 
produdl  of  ca];bonic  -acid  is  74,5  meafures. 

^  l^e  apparatus  employed  in  tliefe  experiments  was  the  ingenious  contrivance  nf  Mr^  Cavendifh,  and  iH 
defcribed  in  the  Ixxvth  vol.  of  the  Fhilofophical  Tranfaftions.  In  dilating  the  gas,  I  fometimes  ufed  a 
Uraigbt  tube,  fornHhcd  with  a  cendu6lor  in  the  manner  of  Dr.  Prieftley  (fee  his  Experiments  on  Air,  vol.  1. 
plate  I.  6g.  16.)  The  bulk  of  the  gafes  introduced,  and  their  volume  after  the  various  experiments,  vrere 
afcertaincd  by  a  moveable  fcale,  and  by  afterwards  weighing  the  mercury  which  filled  the  tube  to  the  marks 
x)n  the  Icale;  by  which  means  I  was  fpared  the  trouble  of  graduatin{^  the  fyphohs.  £afch^ain  of  tnercury 
indicates  one  mcafure  of  gas ;  and  though  the  fmallnefs  of  the  quantities  fubmitted  to  experiment  may  be  ob» 
jc£lcd  to,  yet  this  advantage  was  gained,  that  the  electrified  gas  could  be  fired  at  one  explofion,  as  was  done  in 
the  4^h,  6th  and  8th  experiments.  Enron  ^m  variations  of  temperature  and  atmolplicrical  prcflure  wei« 
carefully  avoided. 

^  --  li  2  Finding 


Finding  irom  the  (irft  experiment  and  other  Amilar  ones,  that  the  carbonated  hjdrogenioitf 
gas  which  was  the  fubjeft  of  them  contained  a  very  large  mixture  of  azotic  gas,  I  again 
fobmlttcdto  diftillation  a  quantity  of  the  acetite  of  pot^afb^  with  every  precaution  to  prevent 
the  adulteration  of  the  produ£t  with  atmofpherical  air.  Such  an  adulteration,  I  have  obferved^ 
inipedes  confiderably  the  dilatation  of  the  gas,  and  for  a  time  even  entirely  prevents  it* 
This  explains  the  failure,  which  (bme  experienced  chem>fts  have  met  with  in  their  attempts 
to  expand  the  carbonated  hycrogenous  gas  by  electricity.  Gas  which  is  thus  vitiated  be« 
comes,  however,  capable  of  expanflon  after  expofure  to  the  fulpbure  of  pot«a{)k 

Experiment  3,  Carbonated  hydrogen  340  meafures  were  expkided  with  the  proper  pro- 
portion  of  oxygenous  gas.  The  carbonic  acid  produced  amounted  to  3S0 meafures,  and  tb« 
refidue  of  azotic  gas  was  20  meafures,, 

Experiment  4.  The  fame  q^uaQt.ity>  when  expaqdbd  to  69OA  %^^  on  combuftion  3^0  mea* 
fiires  of  carbonic  acid,  aod  19^^  of  azotic  gar, 

Exferimerj  5.  Three  hundred  and  fifteen  meafures  of  carbonated  bydrogen  yielded  3-5^ 
9Utafurcs  of  carbonic  acid,  and  18,5  meafutes  of  azote^  . 

Experiment  6..  The  fame  quantity^  after  expanfion  to  6od^  ajBR>rded  the  &me  produ^  of 
(Carbonic  acid  and  azotic  gales. 

Experiments  7  and  8.  As  much  carbonic  acid  was  obtafned  by^  the  combuftion  of  40t 
meafures  of  carbonated  hydrogenous  gas^  expanded  from  200,  as  from  200  meafures  of  the 
f^oo-ete^ric.  firQd  gas  ;;  and  the  refidue  of  azotic  gas  was  the  fame  in  both  cafes. 

It  is  iinneceflary  to  ftate  the  particulars  of  feveral  other  experiments  fimihrto  thofe  above 
telated,  which  were  attended  with  the  fame  refults.,  They  fiifficiently  prove  that  the  zQAoa 
pf  the  ele£tric  fpark,  whenpaifed  through  carbonated  hydrogenous  gas,  is  not  exerted  in  the 
dccompoTitioa  of  carbon.;,  for  the  fame  quantity  of  this  fiibftance  is  found  after  as  bef6re 
dedrization*  Evea  granting  that  charcoal  is  a  compound,  the  conftituents  of  which  are 
keld  together  by  a  vejy  forcible  affinijiyj^  it  does  not  appear  likely  that  the  agency  of  the 
dedric  fhockj^  which  fecms  in  t;bls  inftance  analogous  to  that  of  caloric^  (houldefied  its 
decompofition  under  the  circumftances  of  thele  experiments.  For  it  is  a  known  property 
of  charcoal  todecotppofe  water,  when  aided  by  a  high  temperature ;  and  its  union  wit^ 
oxygen  is  a  much  more  probable  event  when  this  body  is  prefect,  than  a  (eparation  into  its 
conilituent  principles^  As  an  argument  alfo  that  water  is  the  fburce  of  the  Kght  inflam- 
mable air  in  this  psocefs,  it  may  be  obferved  that  the  dilatation  in  Dr.  Auftin's  experiments, 
could  never  be  carried  much  farther  than  twice  the  original  bulk  of  the  gas  *.  This  hEt 
evidently  implies,  that  the  expanfion  ceafed  only  in  confequence  of  the  entire  deftruQion  of 
the  matter  whole  decompofition  aflForded  the  light  inffammabte  air;  and  this  fubftance  could 
not  be  carbon,  becaufe  Dr.  Auftin  admits  that  a  krge  portion^,  and  I  haice  (hewn  that  tho 
9ifbole  of  it,  ftitl  remains  unaltered. 

If  the  dilatation  of  the  carbonated  hydrogenous  gas  arofe  from  the  decompofitio&of  watery 
Ibe  efFe£i  Oxouli  ceaib  when  this  ihiid  is  previously  abftra£led»    To  afceruia  whetbei 

^  **  After  ^ir  inflammable  air  has  been  txpanded  to  about  double  its  ongioal  buik,"  fays  Dr.  Auftio^ 
•  I  do  not  find  that  it  increafes.  further  by  continuing  thp  (hocks.  Conceiving  that  the.progrefs  o£  the  decooa^ 
e&  petition  was  impeded-  by  the  mixture  of  the  other  airs  with  the  heavy  inflammable,  I  paffed  tbcipark 
^  Arough  a  mixture  of  the  heavy  inflammable  air  and  light  inflammable ,  but  the.expaoflpn  fuccceded nearly 
<«  ai  well  ai.i^^  the  heavy  inflammable  was  clc^rlfledalonc"    Phil.  Tranf.  vol.  bixx.  p.  5U. 
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this-roaftquehcc  would  really  follow,  I  cxpofed  a  portion  of  the  gas  for  fevcral  days  before 
cleArization  to  dry  cauftic  alkali.  On  attempting  its  expanfion,  I  found  that  it  could 
not  be  carried  beyond  one  fixth  the  original  bulk  of  the  gas*  B^  160  \rery  ftrong  ex- 
plofions  it  attained  this  fmall  degree  of  dilatation,  but  80  more  produced  not  the  Jeaft 
tfk&,  \  though  the  former  number  would  have  been  amply  fufficient  to  have  dilated  the  gai 
in  its  ordinary  (late  to  more  than  twice  its  original  volume,  A  drop  or  two  of  water  being 
admitted  to  this  portion  of  gas,  the  expanfion  went  on  as  ufual ;  and  I  may  here  obferve,  that 
when  a  little  water  gained  admiflion  into  the  tube  along  with  the  gas,  in  any  experiment, 
which  often  happened  before  I  had  acquired  fufficient  expertnefs  in  transferring  the  air  from 
water  to  mercury,  the  dilatation  went  on  with  remarkable  rapidity. 

Carbonic  acid  gas,  according  to  thedifcoveryofM.  Monge*,  undergoes,  when  fubmitted 
to  the  electric  (hock,  a  change  fimilar  to  that  efFedted  on  the  carbonated  hydrogen }  and  the 
expan(ion  has  been  (hewn  by  Meffieurs  Landriaoi,  and  Van  Marum  t>  to  be  owing  to  the 
^me  caufe,  via.  the  extrication  of  light  inflammable  air.     The  added  gas,  M.  Monge  ably 
contends,  cannot  proceed  from  any  other  fource  than  the  water  held  in  folution  by  all  aeriform 
todies,  the  oxygen  of  which  he  fuppofes  to  combine  with  the  mercury.     That  the  decom* 
)>onent  of  the  water,  however,  in  the  experiments  which  I  have  deferibed,  is  not  a  metallic. 
body,  will  appear  highly  probable,  whea  we  rcfle(£l  that  there  is  prefent  in  them  a  combuftibic' 
fubftance,  via»  charcoal,  which  attra£ls  oxygen  much  more  ftrongly  than  metals ;  and  the 
following  experiments  evince,  that  the  mercury  by  which  the  air  was  confined  had  no  (Kare- 
in  producing  the  phenomena. 

Experimint  9.  A  portion  of  carbonated  hydrogenous  gas  was  introduced  Tntoa  glafs  tube* 
clofed  atone  end,  into  which  a  piece  of  gold  wire  was  inferted,  that  projected  both  within • 
and  without  the  cavity  of  the  tube.    The  open  end  of  the  tube  was  then  clofed  by  a  (topper 
perforated  alfo  with  gold  wire,  fo  that  eledhic  (hocks  could  be  pa(red  through  the  confined 
air  without  the  conta^l  of  any  metal  that  has  the  power  of  decompoflng  water.    On  op^en^ 
ing  the  tube  with  its  mouth  dowawards  under  water,,  a  quaniity  of  air  immediately  ru(he4> 

out. 

Experiment  io»  The  d^atation  of  the* gas  was  found,  to  proceed  very  rapidly  when  (land^ 
ing  over  water,  and  expofed  to  the  action  of  the  ele£tric  fluids  conveyed  by  gold  con* 

duftors. 

We  have  only,  therefore,,  in.  the-  two  preceding  experiments,  one  dib (lance  in  contact  with  • 
the  gas  whicll  is  capable  of  decompoTing  water,  viz.  charcoal.     The  union  of  this  body 
with,  the  oxygen  of  the  visiter  would  be  rendered  palpable  by  the  formation  of  carbonic* 
acid;  but  Dr.  Auftin  did  not  obferve  that  any  precipitation  was  occa(ioned  in  lime  water  by. 
agitating  it  with  the  eledrified  gas.    On  paffing  up  fyrup  of  violets  to  the  eleftrified  aii*, . 
with  the  expe£lation  of  its  indicating  the  volatile  alkali,  as  in  the  experiments  of  Dr.  Auftiii^^ 
no  change  of  colour  took  place,  though  the  teft  was  of  unexceptionable  purity.     Go  exxt* 
mining,  however,^ whether  any  alteration  of.  bulk  had  been  produced,  in  the. air  by  the  conr 
taA  of  this  liquid,  it  appeared  that  of  709  meafiires  100  had  been  abforbed.      Sdfpeding 
that  the  abforption  was  owing  to  the  prefence  of  cai'bonic  acid,.  I  introduced  foxat  h1ne 
water  to  a  volume  of  the  expanded  gas,  amounting  to  556  meafures,  when  they  were  im» 
mediately  reduced  to  5 1 2%,  The  contraction  would  pjrobabLy  .have  been  ftill  more  remark* 

f  JounuL  dfi  Phyfi^nci  xxix»  ii  ?«'  f  AimalndeXliiiiii^  lit  172*. 
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able,  if  the  gas  had  been  farther  expanded  before  the  admiffion  of  the  liquid.  The  change  fn 
the  lime  water  was  very  trifling  ;  but  my  friend  Mr.  Rupp,  who  witnefTed  this  as  weil  as 
feveral  of  the  other  experiments,  and  who  is  much  converfant  in  the  obfervation  of  chemical 
Tacls,  was  fatisfied  that  after  a  while  he  faw  fmall  flocculi  of  a  precipitate  on  the  furfiace  of 
the  mercury.  This  contraflion  of  bulk  cannot  be  afcribed  to  any  other  caufe  than  the  ab- 
forption  of  carbonic  acid  ;  for,  befides  the  fa£i,  that  the  colour  of  fyrup  of  viofets  and  of 
turmeric,  which  I  alfo  tried,  were  not  affefted  by  expofure  to  the  eledriiied  gas,  I  have  this 
'objection  to  the  abforbed  gas  being  ammoniac,  that  no  diminution  either  of  bulk  or  trans- 
parency occurred  on  the  admixture  of  muriatic  acid  gas  with  the  ele£lri(ied  air  \  whereas 
ammoniac  would  have  been  exhibited  under  the  form  of  a  neutral  fait.  When  water  was 
pafled  up  to  this  mixture  of  the  two  gafeSg  there  was  an  abforption  not  only  of  the  muriatic 
gas  but  of  fomcthing  more. 

Conceiving  that  the  demolition  of  charcoal,  by  the  aflion  of  the  ele£lric  fluid,  was  fuffi^ 
ciehtly  proved  by  his  experiments.  Dr.  Auftin  afljgns  the  evolved  hydrogen  as  one  of  its 
conftituents,  and  the  other  he  concludes  to  be  azote^  This  inference,  however,  refts  almoii: 
entirely  upon  eftimates  in  which  material  errors  may  be  difcovered.  Some  of  the(e  it  majr 
1>e  well  to  point  out  for  the  fatisfaftion  of  fuch  as  have  acquiefced  in  Dr.  Aufttn's  opinion^ 

The  carbonated  hydrogenous  gas  fubmitted  to  Dr.  Auftin's  experiments,  clearly  appean 
from  his  own  account  to  have  been  largely  adulterated  with  azotic  |;a8.  One  foarce-of  its 
impurity  he  has  difclofed,  by  informing  us  that  the  gas  '<  had  been  very -long  expofed^tb 
water*  i"  for  Dr.  Higgins  has  fomewhere  (hewn,  that  the  heavy  inflammable  air,  after  ftand- 
ing  long  over  water,  leaves  a  larger  reftdue  of  azote,  on  combuflion,  than  when  recently  pre- 
pared f.  It  is  probable  alfo,  that  the  proportion  of  azote  derived  from  the  water  would  iit- 
cre^e  with  the  time  of  its  expofure;  and  thus  a  fertile  fource  of  error  ir fuggeOed^ -ilirhich 
yippears  wholly  to  have efcaped  Dr.  Auftin*s attention.  Inrepeatii^  his  experiments,^ f  wa$ 
careful  that  comparative  ones,  on  two  equal  quantities  Of  the  electrified  and  uneledrifitdgaSy 
thould  be  made  without  the  intervention  of  any  time  that  could  vary  the  proportion,  of  azote 
in  either  of  the  gafes.  } 

To  the  9th  experiment,  in  which  the  quantity  of  azote  feems  tb  have  been  ihcreafed  to 
ele^rizatlon,  I  muft  repeat  the  objedlion,  that  a  fiifficiency  of  Oxygenous  gas  was  not  ufed  id 
the  combuftion.  In  the  8th  experiment,  2,83  meafures  of  the  uneleftrified  air  were  fired  with 
4,17  oxygenous  gas,  and  only  0,15  of  the  latter  remained  above  wh^t  was  fufficient  for  fatura- 
tlon^  but  in  the  9th,  though  the  2^83  meafures  were  expanded  to  5,16,  the  quantity  of 
oxygen  employed  was  0,08  lefs  than  in  the  former  experiment;  and  it  may  therefore  be 
prefumed,  that  a  fmall  quantity  of  inflammable  air  might  efcape  unaltered,  and  might  add 
apparently  to  the  produ£t  of  azote.  In  the  8th  experiment,  alfo,  the  portion  of  oxygenovs 
gas  that  was  more  than  fufficient  to  faturate  the  carbonated  hydrogen,  would  probably  com- 
bine in  part  with  the  remaining  azote,  as  in  the  experiments  of  Dr.  Higgins  |  and  Dr« 
Frieftley  §.    But  in  the  9th,  the  quantity  of  oxygenous  gas  was  hardly  fufllcient  to  iatxiratie 

•  Phil.  Tranf.  Ixxx.  54. 

^  ^  Similar  fa^ls  refpefting  the  deterioration  of  other  gafes  by  (landing  over  water  may  be  fecn  in  Dr. 
Pricftley'8  Experiments  on  Air,  vol.  i,  p.  59,  15S.  I  found  tfiat  oxygenous  gai  from  oxygenated' muriate  of 
p6t-a(h  acquired  by  expofure  a  few  weeks  to  water,  .125  its  bulk  of  azotic  gas. 

X  Experiments  and  Obfcrvaiions  on  Acetous  Acid,  &c.  p,  195. 

I  PhU.  Tranf.  IxxU.  7. 
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both  kfnds  of  inflammable  air  after  ele£trizattony  and  could  not  therefore  diminifh  the 
azotic  gas.  When  the  proportion  of  oxygen  is  duly  increafed^  and  the  inflammation  of  the 
cleftrified  air  is  performed  in  fmalP portions,  theri  is  n6  augmentation,  but  on  the  rnntraiy  a 
decreafe  of  the  quantity  of  the  azote,  as  will  appear  •,*  ^.viupanng  the  ift  and  ad  of  the  eac-f 

pcriments  which  I  have  reJaf^'^ 
Two  ciicumttances  were  obfcrved  in  the  experiments  of  Dr.  Auftin,  which  have  not  been 

noticed  in  the  preceding  account  of  the  repetition  of  them,  viz.  the  appearance  of  a  depofit 
from  the  carbonated  hydrogenous  gas  during  its  eleftrization,  and  the  formation  of  am- 
moniac by  the  fame  procefs.  In  fome  experiments  which  I  made  on  the  firft  portion  of  gas, 
both  thefe  fafts  were  fufliciently  apparent  5  but  neither  of  them  occurred  on  eleftrifying  fflfe 
gas  which  was  afterwards  procured.  Sufpe£Ung  that  the  ceflation  of  them  arofe  from  the 
fuperior  purity  of  the  latter  portion  from  azotic  gas,  I  pafTed  the  eledtric  (hock  through  a 
mixture  of  carbonated  hydrogen,  with  about  one  fourth  of  its  bulk  of  asu>te,  andthus  again 
produced  the  precipitate,  which  would-  have  been  of  a  white  colour,  if  it  had  not  been 
obfcured  by  minute  globules  of  niercury,  that  were  driven  upwards  by  the  force  of  the  ex- 
plofion.  An  infufion  of  violets  was  tinged  green,  when  admitted  to  the  eledrified  gas  1^  littt 
the  change  of  colour  did  not  occur  inftantly,  as  happens  from  the  abforption  of  ammoniacal 
gas  ;  and  required  for  its  produdion,  that  the  liquid  (bould  be  brought  extenfively  into  coa« 
taA  with  the  inner  furface  of  the  tube.  From  this  efFe6i  on  a  blue  vegetable,  colour,.  WQ 
may  infer  that  the  preciprtate  was  an  alkaline  fubftance,  and  probably  the  cgirbonatepf  9^^ 
moniac  ;  but  the  quantity  was  much  too  minute  to  be  tbt  fubjeft  of  a:  loore  decifiyae^^fHuriT 
ment. 

I  (hall  conclude  this  memoir  with  a  brief  fummary  of  the  fa£ts  that  are  efiabliflied  by  the 
I  preceding  experiments  *.    Thofe  included  under  the  firft  head  are  deducible  from  the  expcri* 
ments  of  Dr.  Auftin. 

1.  Car1)onated  h^ydrogenous  gas,  in  its  ordinary  flate,  is  permanently  dilated  By  the  dcdric 
fliock  to  more  than  twice  its'  original  volume;  and  as  light  inflammable  air  is  the  Q^Iy  f^)ib» 
ftance'we  are  acquainted  with,  that  is' capable  of  occafioning  fo  great  an  expanfion,  and  of 
exhibiting  the  pherK)mena  that  appear  on  firing  the  ele(^rified  gas  with  oxygen^  we  may 
afcribe  t*he  dilatation  to  the  produdtton  of  hydrogenous  gas* 

2.  The  hydrogenous  gas,  evolved  by  this  procefs,  does  not  arife  from  the  dec^mpofition  of 
charcoal;  becaufe  the  fame  quantity  of  that  fubftance  is  contained  in  the  gas  after ^s  before 
electrization. 

3.  The  hydrogenous  gas  proceeds  from  decompofed  water;  becaufe^  when  this  fluid  is:ab- 
ftraded  as  far  as  poflible  from  the  carbonated  hydrogenous  gas,  before  fubmitting  it  to  the 
adiion  of  electricity,  the  dilatation  cannot  be  extended  beyond  one-fixth  its  ufual  amount. 

4.  The  decomponent  of  the  water  is  not  a  metallic  fub^anc^,  becaufe  carbonated  hydro* 
genoua  gas  is  expanded,  wheji  in  contact  only  with  a  glafs  tube  and  .gold,  a  metal  vvhicb  hai^ 
Ao  power  of  feparatijng  water  into  its  formative  principles*  ,     . 

5.  The  oxygen  of  the  water  (when  the  eledric  fluid  is  pafTed  through  carbonated  hydro- 
genous gas,  that  holds  this  fubftance  in  folution)  combines  with  the  carbon^  and  forms  car«» 

*  Siocc  this  |>9per  was  written,  I  have  exteotkd  the  mquLry  to  phoJ^«rated  hydrogenousg^,.  which  ex* 
pands  equally  with  the  carbonated i^4T9|;e!a;  loTes  its  prc^rty  9f  inflan;iing  whejQ  hroggbt  into  OOQUA  wit|» 
•{jgeimf  gas,  and  affords  evident  traces  of  4j>rodu6Uoa  of  phofphorous  or  phofphoric  acid. 

bonic 


248  OhftfvatUns  en  BUumtnu 

bonic  acicL    This  produfbion  of  carbonic  acidi  therefore,  adds  to  the  dilatation  occifionel 
by  the  erolution  of  bTdrogenous  gas. 

6.  Tk«r#>  k  not.  by  the  a^oa  of  the  ekAric  matter  on  carbonated  hydrogenous  gas,  any 
generation  of  azotic  gas* 

7.  Carbon,  it  appears,  therefore,  from  the  uniteci  c»;j*^^^  of  thefe  fafis,  is  ft  ill  to  be  con- 
fidered  as  an  elementary  body ;  that  is,  as  a  body  with  the  compofition  ot  wiiiua  wo  are  unac- 
quainted)  but  which  tnay  nevertheleft  yield  to  xhe  labours  of  ibmc  future  and  more  fuccefsful 
analyft. 
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H  E  charafters  of  bitumen  are  much  more  apparent  in  turf  and  peat,  than  in  the 
greater  part  of  the  foffil  woods.  Turf  is  well  known  to  be  compofed  of  the  parts  of  vegeubles, 
fiich  as  fmall  roots,  twigs,  &c.  mixed  with  a  portion  of  petroleum ;  and  peat  is  the  (amc^ 
excepting  that  it  generally  ^contains  more  of  earthy  matter,  or  that  the  vegetables  have 
undergone  a  morexompkte  decompofi^on. 

The  boggy  nature  of  the  places  in  which  they  are  found,  proves  that  a  certain  degree  of 
maceratioa  is  neceflfary  to  form  the  bituminous  matter  which  they  contain ;  and  I  have 
already  noticed,  tbat  every  f^fk  af^ears  to  demonftrate,  that  the  bitumen  is  a  produd  of 
thofe  vegetables,  the  remains  of  which  conftitute  the  other  ingredient  of  turf  and  peat 

The  diflSnrenttpropof  tion  of  vegetable  matter,  of  bitumen,  and  of  earth,  together  With  the 
clifferent  ftate  of  the  bitumen,  as  well  as  the  degree  of  perfieAion  refpe^ing  the  formation  of 
h  from  the  vegetable  principles,  contribute  to  alter  the  properties  and  chara£ters  of  the 
compound,  end  thus  produce  varieties.  It  is  believed  that  thefe  fubftances  have  been 
materially  concerned  in  the  formation  of  pit-coal,  and  fome  eminent  mineralogifts  maintain 
that  there  is  -An  oinintenupted  feries  which  conneds  the  varieties  of  turf  and  peat  with  thofe 
of  coal  K 

SECT.  V. 

LITTLE  need  be  faid  concerning  ihctfe  mixtures  of  bitumen  with  metals  or  their  oxides 
which  are  Sometimes  called  the  bituminous  ores  of  mercury,  copper  and  iron,  for  diey 
(hould  rather  be  arranged  with  the  adulterated  or  impure  bitumens*  Few  of  them  contain 
fhe  metallic  ingredient  in -a  proportion  fufficient  to  caufe  the  compound  to  be  worked -as  an 
ere ;  and  the  only  exception  with  which  I  am  acquainted,  is  the  fubftance  found  at  Idria,  in 
Carniolia,  compofed  of  mercury  mixed  with  bituminous  matter,  a  quintal  of  which,  acoox4« 
ing  to  Mr.  de  Born,  affords  from  fifteen  to  twenty  pounds  of  mercury  f  • 

*  Man  fiadet  m  der  nutir  eincn  ununterbrochenen  iibergang  von  dera  rafen  und  papiertorf  durch  dm  megr 
eder  fumpfcorf  in  den  pechtorf,  und  von  diefexn  in  die  braun  fchiefer  und  pechkohle.— Wideomami,  p.  tjo. 
t  Catalogue  de  la  CoIleOion  das  Fomies  de  Mlk.  dc  Raab,  torn,  ii-p*  S94, 34S1  and  400. 
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SECT.   VI. 

FROM  the  preceding  obfervations  it  will  appear,  tiiat  although  I  have  fiift  menttoiieu 
naptha  in  order  that  I  might  be  belter  underllood  in  refpeft  to  the  degree  of  connexion 
prevailing  between  the  bituminous  fubftances ;  yet,  to  have  followed  them  from  their  origin 
anJ  the  period  of  their  formation,  I  Ihould  rather  have  begun  with  thofe  fubfiances  which 
moft  clearly  point  out  how  much  the  -yegetablc  kingdom  hjs  contributed  to  the  produflion  ■■ 
of  ihem,  with  the  probable  oecafionai  concurrence  of  animal  fubllances. 

That  the  latter  have  contributed  in  fome  meafure  to  the  forming  of  bitumen,  we  cati  only 
infer  from  the  veftiges  and  exuvix  of  animals,  which  fo  commonly  accompany  bituminotis 
fubftanccs:  but  no  doubt  can  be  entertained  in  refpe^  to  vegetables;  for  it  appears  that 
bitumen  Is  formed  from  them  by  long  maceration,  and  by  other  procclTes  at  prefent  un- 
known to  us : 

That  when  certain  portions  of  vegetable  matter  remain  undccompofed,  and. are  mixed 
with  the  petroleum  thus  produced,  the  varieties  of  tuif  and  peat  are  formed: 

That  wood  in  general  contributes  to  the  production  of  bitumen ;  but  docs  not  feem  to  re- 
tain it,  after  the  formation  of  it,  in  fo  confiderable  a  proportion  as  the  foregoing  fub- 
ftances : 

That  the  bituminous  matter  thus  formed,  and  occafionally  fcparatcd,  is  in  different  ftates 
according  (o  the  degree  of  infpilTation  : 

And  hftly,  with  various  proportions  of  carbonic  snd^artby  matter,  I*  forms  jet,  coal,  and 
bituminous  fchidusi  and  with  metallic  fubHaDces  it  produces  thofe  compounds  called  bitu- 
minous ores. 

SECT.    VII. 

ABOUT  the  j-ear  i;86  a  new  fpeeies  of  bitumen  was  difcovcred  near  Cafllcton,  in 
Derbylhire,  which  much  rcfembles,  in  elaflicity  and  colour,  the  fubflance  known  by  the 
name  of  cahout-chou,  or  Indian  rubber. 

M.  de  Born  was,   I  believe,  the  firft  who  mentioned  it  *  ;  but,  as  he  appears  to  have 
known  only  one  variety  of  this  fmgutar  fubftance,  I  am  induced  lo  hope  that  a  delcription 
of  many  other  varieties,  whicb  have  fincc  been  foujid,  will  not  be  unicccpuble  to  this   . 
Society. 

The  cladic  bitumen,  which  rcfembles  the  cahout-chou,  was  iirft  difcovered  in  the  cavities  - 
of  a  vein  in  the  lead-mine  called  Odin,  which  is  near  the  bafe  of  Mamtor,  lo  the  north  of  ■ 
Caftleton.     The  ore  of  this  mine  (which  is  fuppofed  to  be  one  of  the  moft  ancient  in  Ei^- 
land]  is  galena,  accompanied  by  fluor,  calcareons  and  heavy  fpars,  quaiiz,  blende,  calamine^  . 
felenite,  afphaltum,  and  the  elaftic  bitumen,  although  the  latter  is   now  rarely  found  t- 
Another  fpeeies  of  the  ctaftic  bitumen  has  within  about  three  years  been  found  in  a  neigh- 
bouring rivulet ;  but  I  (hall  not  at  prefent  notice  it,  as  1  intend  firft  to  dcfciibe  the  varieties 
of  that  which  was  firit  difcovered,  and  which  refembles  the  cahout-chou.     In  order  t©  do 
this  with  more  perfpicuity,  1  (hall  defcribe  the  fpecimens  belonging  to  my  colleilion,  ac- 
cording to  the  mode  in  which  1  bave  arranged  them. 

•  Catalogue  de  la  Colltflion  At  Mile,  de  Raab,  torn,  ii,  p.  77, 

+  I  am  indtbteJ  10  the  ingenioui  Mr.  Whice  Watfon,  of  Bakcwel!,  fcr  much  iBfoimBtwn  icfp^fliiig  ilic 
lijcal  ciicumftanctt  which  atiind  this  biiximen. 
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SPECIES  THs  FIRST. 
A,  No.  I.— Elaftic  bitumen  of  a  yellowiOi  brown  colour,  part  of  which  is  almull  liquid 
tike  petroleum,  and  adheres  to  the  fingers }  the  other  part  is  of  a  darker  colour,  of  a  rnam- 
miUary  form,  does  not  adhere  to  the  fingers,  and  it  foft  and  claftic.  This  is  on  a  gtey 
bituminous  limeftone,  with  white  calcareous  fjwr  in  the  figure  of  hexaedral  p/ramids,  fjrm* 
ing  that  which  is  called  the  dog-tooih  fpar. 

A}  No.  a.^Bitumen  of  a  yellowifh  brown,  partly  liquid,  and  partly  eUftic,  which,  how- 
ever, adheres  to  the  fingers ;  on  p»lc  grey  llmcftine,  with  cryftals  of  white  fluor  fpar,  blende, 
and  galena. — On  another  part  of  the  limcltonc  arc  Tome  globules  of  bitumen  of  a  rcddllh 
b/owii,  pcrfeiHIy  hard  and  brittle. 

A,  No.  3- — Dark  brown  bitumen  of  a  ftala^itical  form,  hard,  but  in  fame  degree 
ciaflic. 

A,  No.  4— Bitumen  of  a  reddtCb  brown,  in  the  form  of  globules,  fome  of  which  are 
daftic,  and  others  hard:  on  browmlhgrcy  limeftonc,  acci>mpiniej  by  cryftjiliied  white 
fluor,  dogtooth  calcareous  fpar,  and  pyrites  in  fmali  cryftils,  fome  of  which  are  on  the  fur- 
fsce  of  the  globules  of  bitumen. 

A,  No.  5. — The  (amc  of  a  darker  brown,  of  a  ftaUflitical  form,  hard  and  brittlcj  on 
pale  brown  calcareous  fpar.  Impregnated  with  bitumen. 

A,  No.  6..— Diiumen  of  a  dark  reddlfb  brown,  very  hard  ;  on  pale  brown  fparry  Ulnk- 
ftone,  with  grey  limeflonc,  in  which  are  fome  corallojdes. 

A,  No.  7. — Bitumen  of  a  dark  yellowifti  brown,  elaftic,  but  very  foft,  fo  that  it  adheres 
to  the  fingers. 

A,  No.  8.— The  fame  thinly  fpreadover  grey  fparry  ftink-ftone. 

A,  No.  9.— Bitumen  of  a  brownifb  olive  colour,  which  becomes  rcddlfh  brown  by  die 
ftV,  but  when  oppofed  to  the  light  It  appears  femUtranfparcnr,  and  of  a  yellowilb  brown  in- 
clining to  orange.     It  Is  foft,  very  cladic,  and  (when  recently  cut)  adheres  to  the  fingers. 

A,  No.  10.— The  fame  of  a  darker  brown,  and  harder  in  a  fmatl  degree.  The  fpeclfic 
gravilyof  thisfpecimcnis  0,9053;  water  being  cftimated  at  10,000  (q.  1,000?). it  temp.  60*. 

A,  No.  1 1 . — Bitumen  of  a  dark  brown,  harder  than  the  former.  This  exactly  rcfembles 
the  cahout-chou  in  the  degree  of  elallicity,  and  in  the  property  which  it  pofieires  of  removing 
the  traces  of  black-lead. 

A,  No.  I  J. — The  fame,  but  rather  harder. 

A,  No.  13 — ^The  famcof  ablackifljbrown,  which  is  /lightly  claftic  when  the  weather  is 
warm,  but  is  brittle  when  cold, 

A,  No.  14. — The  fame  of  a  Mackilh  brown,  nearly  black,  which  fcarcely  poUclTet  any 
elafticity  j  it  breaks,  and  rcfembles  afphaltu-n  in  luftie,  colour  and  fraftore. 

A,  No.  IS — ^The  fame  of  a  reddifh  brown,  pcrfcflly  hard  and  btlttlc.  The  chara>^ers 
of  afphaltum  arc  complete  in  this  ipccimen.    The  fpecitic  gravity  is  1,0,233.  (q.  i>«3)-^) 

The  other  fpecies  of  claftic  bitumen,  which  I  flialldillinguifh  by  the  letter  B,  has  been 
found  during  the  lafl  three  years  in  a  rivulet  which  runs  at  the  bafe  of  Mamtor,  from  weft 
tocafl-,  at  a  fmalt  diltance  from  Odinmiac. — The  varieties  of  it,  in  my  poflellion,  areas 

follow:-^ 
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SPECIES    THE    SECOND. 

B,  No.  I. — ElaRic  bitumen,  whidi,  recently  cot,  exactly  rerembles  fine  clofe  corit  in 
colour  and  texture,  but,  by  the  air,  in  a  few  days  it  becomes  of  a  pale  reddini  brown.— This 
forms  a  thin  coat,  which  comptetety  covers  a  tnafti  of  daHic  bttumen,  which  is  foft^  and  of 
a  brownifli  olive  colour,  like  A,  No.  9. 

B,  No.  2.— The  fame,  excepting  that  the  coat  or  crufi  is  much  thicker. 

B,  No.  3. — ^The  fam«,  but  ibc  coating  is  thiclccr  ih»n  that  of  No.  2,  and  the  brownifli 
olive -coloured  bitumen  much  lefs  in  quantity. 

B,  No.  4— The  Tame,  excepting  that  the  greater  part  of  the  maft  retmbles  eotlc,  So  that 
only  A  very  fmall  nucleus  of  the  brown  bitumen  remains  ". 

B,  No.  ;. — The  fame,  excepting  that  the  bitumen,  which  is  coated,  is  in  the  Hate  of 
afphalcum.     The  fpecific  gravity  of  this  fpeclmcn  is  0,98?!. 

B,  No.  6. — Eiallic  bitumen,  the  whole  mifs  of  which  tefembles  fine  cork. — The  fpecific 
gravity  is  0,9748. 

B,  No.  y. — The  fame,  but  friable,  and  apparently  pafling  by  decomporuion  uiCo  nn 
•chraceous  coloured  powder. 


THE  varieties  of  the  firft  fptcies  of  the  elaftic  bitumen,  or  diat  which  is  like  the  caboot- 
chou,  evidently  appear  to  be  formed  from  a  naptha  or  petroleum,  which,  like  that  which  pro- 
duces the  other  fimple  bituminous  fubHances  formerly  mentioned,  is  fufceptible  of  variouj 
degrees  of  infpilTatioti. 

All  the  varieiiesofihefiift  fpccics,  from  No.  i,  to  No.  t;,  may  be  regarded  as  thusf(>rm- 
ed;  for  in  thcfc  we  can  trace  all  the  modifications  comprehended  between  petroleum  and 
afphaltum  :  with  this  difference,  that  the  intermediate  modifications  of  this  fpccies  have  the 
remarkable  properly  of  elaflicity  which  is  the  moft  complete  in  the  variety  which  occupies 
tbe  middle  place  between  petroleum  and  afphaltum. 

The  fccond  fpecies  B,  or  that  which  refemblcs  cork,  appears  fo  difierent  from  that  market^ 
A,  that  it  is  not  at  firft  eafy  to  conceive  how  they  are  conncded,  or  at  Icjft  the  difficulty 
iruft  appear  great  to  thofc  who  have  only  fcen  fpccimens  of  each  fpecies  complete  in  their 
lefpeflive  charaflers.  But,  from  an  attentive  examination  of  many  fpccimens,  and  particu- 
larly of  ihofc  which  I  have  dclcribcd,  I  am  convinced  that  the  varieties  of  the  ipecies  B  arc 
only  modifications  of  the  fpecies  A,  produced  probably  by  long  maceration  in  the  water  of 
the  rivulet  in  which  this  fpecies  is  found,  to  the  efic^  of  which  wc  may,  with  fome  appear- 
ance of  reafon,  add  the  viciflitudcs  of  the  feafons,  of  air,  and  of  the  weather  in  general,  as 
well  as  ihofe  of  reiterated  moidurc  and  dryncfs  occafioncd  by  the  rife  and  fall  of  the  water  of 
the  rivulet ;  and  what  fcems  to  corroborate  this  opinion  Is,  that  the  fubftancc,  liitc  cork,  iii- 
cruCls  the  fpecies  A,  and  appears  to  be  only  a  change  which  has  penetrated  deeper  into  the 
liibllance  of  it  in  proportion  to  the  duration  of  the  cauies  which  I  have  mentioned,  fo  that  at 
length  the  original  fublbnc«  no  longer  remains  in  its  primitive  ll4te.  I  do  not  believe, 
bowever,  that  this  change  arlfes  from  any  alteration  in  the  conHitueni  principles,  but  merely 
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-fromapariialati^  minute  dif-union  or  difintegration  of  ihe  particles  of  the  original  fubffance, 
■as  both  fpecies  melt  into  one  i*hich  is  perfeflly  fimilar.  I  tniift  aifo  aJil,  that  the  fpecies  A 
burns  cafily,  jtuI  with  rapidity  ;  but  'he  fpecies  B  burns  with  fome  difficulty,  and  crackles  as 
it"  it  had  imbibed  >  quantity  of  water. 

I  have  remarked,  when  the  different  varieties  ofthcclaftic  bitumen  werc-mcltcd,  ilwt  they 
completely  lofi  the  claftic  property,  and  a  quantity  of  air  or  gas  appeared  to  be  difcngjgcd, 
particulatly  from  the  fpecies  B.  1  aMa  obferved,  that  the  fuhftances  which  remaJned  after 
this  operation,  corrcfi>onded,  in  refpoft  to  conSftcnce,  with  thofe  which  had  been  employed, 
as  the  following  tabic  will  fliew  : 

A,  No.  7  and  8 produced  a  [hick  liquid  petroleum,  iiot  apparently  different  from  that 

which  is  commonly  known. 

'A,  No.  9 produced  a  thicker  petroleum,  approachipg  to  mineral  tar. 

A,  No.  1 1  and  12...  produced  mineral  tar. 

C,  No.  6 produced  the  fame,  approaching;  to  mineral  pitch, 

A,  No.  13 produced  mineral  pilch. 

A,  No.  14  and  15  .. .  i^id  not  fuiFer  any  change,  but  remained  as  at  firfl',  with  all  thechx- 
raflers  of  afphaitum. 

From  what  I  have  related,  I  fufpecl  that  the  elaflic  property  is  ocealioncd  by  the  inter- 
pofiiion  of  very  minute  portions;  of  air  or  fome  other  elaftic  fluid  between  the  parts  of  ths 
bitumen,  and  that  this  takes  place  by  reafon  of  fomc  unknown  caufe  at  the  time  of  forma- 
tion; but  when  thefe  bitumens  arc  melted,  the  elaflic  fluid  is  liberated,  and  the  mafs  lofes 
that  fine  fpongy  texture  which  I  fufpe<3  to  have  been  the  caufe  of  the  elaftic  property  *. 

Derbyfhire  is  well  known  as  a  country  which  exhibits,  in  the  moft  ftriking  manner,  th« 

-remarkable  changes  which  our  globe  has  fufiered.     In  every  part  of  it,  the  mofl  indifputable 

evidences  appear  of  fomc  great  aod  extraordinary  revolution  ;  and  there  is  not  any  placi 

where  extraneous  fot&ls,  fuch  as  the  remains  and  impreflions  of  vegetables  and  jnimals,  arc 

'  more  abundant. 

Bitumen,  in  other  countries,  is  mofl  commonly  found  where  thefe  prefcnt  ihemJelvcs) 
and,  in  like  manner,  there  are  few  countries  which  abound  Co  much  with  bitumen  as  Derby* 
fljirc. 

Whoever  has  examined  the  limeflone  rocks  about  Matlock,  and  mofl  other  places  in  this 
coiinty»  mull  be  convinced  of  the  (ruth  of  this  aflertion. 

The  limeflone  and  calcareous  fpars  ajfo,  where  the  elallic  bitumen  is  found,  are,  for  the 
greater  part,  in  the  fame  llate ;  fa  that  no  doubt  can  be  entertained  but  that  this  bitumen  ba3 
had  the  f^mc  origin  as  thofe  which  are  more  generally  known ;  and  it  would  undoubtedly 
have  been  confounded  with  them,  had  it  not  been  difcovered  when  palling  from  tlie  liquid 
to  ihc  folid  ftate. 

•  Tlie  ilallic  liitiimen.  A,  No.  9.  ivlicn  digtHcd  in  fiilphuric  ciher  In  «  temperature  of  about  5;',  ii  partly 
dUTolvcil,  The  roluiion  k  yellewilh  brown  when  oppofed  to  the  light ;  but,  when  othenvife  viewed,  it  ltlc« 
the  biiumen,  that  ii,  of  a  brawniOi  olive  colour.  B^  tponiascovia  evapnration,  ihe  ethcrjc  Iblution  leavei  s 
yellowiOi  browii  biiumen,  which  i>  totally  devoid  of  ebtticiiy.  The  undifTolved  ponton  (like  the  catu>ut-«hou 
under  fiinitifclreutnnaTicci)  a  foftcsed,  and  is  muchincreafcd  inbuik. 

The  fpcciti  B,  No.  6,  cut  into  very  thin  lliccs,  CB[innMJfial«  a  yellow  ibge  to  fulyliuric  elTict ;  i»  other 
.K^pttXi  it  is  but  liitic  afTcfied. 

The 
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Tire  elementary  principles  of  bitumen  are,  hyJrogen,  carbon,  fomciimes  ,izote,  and  pro- 
bably fonieoxyg?n,  which,  by  its  aflion  on  the  other  principles,  teiiJs  to  form  the  cone rcie 
bitumens,  and  alfo  produces  that  portion  of  acid  obtained  by  chemical  operations.  Thele 
Tame  principle*,  hydrogen  and  carbon,  conftitute  the  vegetable  oils  and  rcfins  ;  and  the  fame, 
with  fomc  azoie,  form  the  oils  and  greafc  of  aiiiinal=.  Now  it  is  known  that  very  fmall 
changes  in  ihe  rerpcftive  proportions  of  thefc  ingredients,  and  in  the  circuraHanr.cs  which 
attend  ihc  combination  of  them,  v\i!l  caufe  confiiicrablc  variations  in  the  nature  of  (lie  pro- 
ducts} and  in  like  manner,  it  appears  very  probable,  that  when  llictir.'anized  boJiei  In  iheir 
recent  ftate,  and  in  the  full  poflciSon  of  the  above-menlioneJ  principles,  have  been  buried  in 
a  fituation  where  thefe  principles  have  been  long  elaborated  under  certain  favourable  circum- 
flancc^j  and  fuljcfled  to  the  aflron  of  mineral  bodies  ;  I  fay  that  it  appears  highly  probable, 
that  a  new  combination,  which  we  call  bitumen,  may  be  formed,  which,  although  different 
in  fomc  refpefls  from  the  vegetable  and  animal  produfls,  flill,  however,  retains  many  chi- 
raflers  of  ihofefubftanccs  from  the  principles  of  which  it  has  been  formed. 
Hammersmith, 
yfprili6t  1797. 


Obftrtjations  . 


(  Ihe  Phy^al  and  PoUlUaf  GeagT/iphy  af  North   Afric 
Bj  Jajvies  Renn£l,  Efq.  F.  R.  S. " 


J.  O  our  view,  North  Africa  appears  to  be  compofed  of  three  diHinfl  parts,  or  mcmberd. 
The  firfV  and  fmalleft  is  a  fertile  region  along  the  Mediterranean,  lying  oppofite  u>  Spain, 
France,  and  Italy  (commonly  diftinguifiieii  by  the  name  of  iUrbary)  j  and  which,  could  wa 
fuppofe  the  weftern  bafon  of  the  Mediterranean  to  have  once  been  dry  land  (baling  a  Uko 
or  recipient  for  the  furrounding  rivers),  might  be  regarded  as  a  part  of  Europe ;  as  poflcfling 
much  more  of  the  European  than  the  African  charafler. 

The  fccond  part  is  what  may  be  deemed  the  body  of  North  Africa,  comprifed  betweetl 
Cape  Verd  and  ifip  Red  Sea,  on  the  eaft  and  weft;  and  having  the  Great  Defert  (or 
Sahara)  and  its  members,  on  the  North  j  the  Ethiopic  ocean  and  South  Africa,  on  the  op- 
pofite fide.  The  prominent  feature  of  this  I'mmCnfc  region  ts  aTlaft  btlt  tf  tkvaud  land  of 
great  breadth,  often  fwcUing  into  lofly  mountains,  and  running  generally  from  weft  to  cart, 
about  the  tenth  degree  of  latitude.  Its  wcftcrn  extremity  feems  to  be  Cape  Verd ;  the 
mountains  of  AbyiTmia,  the  cafiern.  To  the  north,  its  ramifications  arc  neither  numerous 
nor  extenfive,  if  we  except  the  elevated  traiH  which  turns  tile  Nile  to  the  northward  beyond 
Abyflinia.  Towards  the  fouth  no  particulars  are  known,  Vave  that  a  multitude  of  rivers, 
fome  of  them  very  largw,  dcfcend  from  that  fide  and  join  the  Atlantic  and  Ethiopic  feas,  from 
the  Rio  Grande  on  the  weft  to  Cape  Lopez  on  the  eaft;  proving  inconteftably  that  by  far 
the  greateft  proportion  of  rain  water  falls  on  that  fide  during  the  periodical  feafbn  of  the 

•  Copied  by  pcrrriffion  from  liis  "  Geographical  Illuftraiions  of  Mr.  Park'i  Joumcr/'  in  ihe  Proceed ingj  of 
iVie  Aliion  Antidatioii)  i^jt.    Oa-tliit  fubjcftfec  likewifcovr  Aiccnjm  of  Bwht  in  die  ifcTeat  NuoitKr.    N. 

s.w. 
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S.  W.  winds ;  which  correfponds  in  all  its  circumfianccs  with  the  fame  nionfoon  ti> 
India  •. 

To  the  north  of  this  belt,  with  the  exception  of  the  Egyptian  Nile,  the  waters  conform 
generally  to  the  Jlrcftion  of  the  high  land;  pafling  at  no  great  diltance  (comparatively)- 
from  its  bafe  to  the  right  and  left ;  as  if  the  furfacc  of  the  Sahara  had-  a  general  dip  to  the 
fouthward  \.  Thtfc  rivers  moreover  receive  all  their  fuppljes  from  tlit  fouth  j  no  (breams 
of  any  bulk  being  co!le£lcd  in  the  Defert. 

In  order  to  produce  this  cft'cfl,  there  mull  neceflarily  be  s  vaft  hoHow  in  the  interior  of 
Africa,  between  thi  high  Und  of  Nubia  on  the  ealf,  and  Manding  on  the  weft;  and  of 
which  the  mountains  and  defert  form  the  other  two  fides.  Nor  is  this  rtate  of  things  un- 
exampled in  the  other  coniincnls.  In  Afia,  riie  hollow,  to  whofe  waters  the  Cafpian  and 
Aral  ferve  as  recipients,  is  no  let  extcafivc  than  the  one  jufi  mentioned  ;  reckoning  from 
the  fources  of  the  Wolga  to  thofe  of  the  Oxus  ;  {which  latter  has  ever  communicated  witlr 
the  Cafpian,  either  throughout  the  year  or  during  a  part  of  it ;)  the  dilFercncc  is,  that  in- 
Afia  a  greater  portion  of  the  hollow  is  filled  up  with  water  than  in  Africa. 

The  third  part  is  of  courfc  the  Great  Defert  (or  Sahara)  and  its  members;  confifHng  o£ 
the  leffer  deferts  of  Bornou,  Bilma,  Batca,  Sort,  &c.  This  may  be  confidered  as  an  ocean 
or  SANDt,  prefenting  a  furfacc  equal  in  extent  to  about  ant  half  af  Europe^  and  having  its 
gulfs  and  bays  ;  as  alfo  its  illands  fertile  in  grows  and  pa(tures,  and  in  many  infVances  con- 
taining a  great  population  fubjei5l  to  order  and  regular  government.  The  great  body  on 
weftern  divifion  of  this  ocean,  comprifed  between  Fezzan  and  the  Atlantic,  is  no  lefs 
than  JO  caravan  journeys  actofs  from  north  to  fouth  ;  or  from  750  to  800  G.  miles ;  anA 
double  that  extent  in  length  :  without  doubt  the  larged  defert  in  the  world.  This  diriiion 
contains  but  a  fcanty  portien  of  iflandi  (or  oafcs),  and  thofe  alfo  of  fmall  extent :  but  the. 
eaftcrn  divifion  has  many,  and  fome  of  them  very  large.  Fezzan,  Gadamis,  Taboo>, 
Ghanat,  Agadez,  Angela,  Berdoa,  arc  amongft  the  principal  ones :  befides  which  there  are 
s  vaft  number  of  fmall  ones.  In  efFc£l  this  is  the  part  of  Africa  alluded  lo  by  Strabo  H, 
when  he  fays  from  CneiusPifo,  that  Africa  may  be  compared  to  a  leopard's  flsin.  1  conceive, 
the  reafon  why  the  oafes  arc  more  common  here  than  in  the  weft,  is,  that  the  ftraium  of 
fand  is  (ballower  from  its  fur&ce  to  that  of  the  earth  which  it  covers.  In  other  words,  thai 
the  water  contained  in  that  earth  is  nearer  to  the  furface  ;  as  in  moft^of  the  oafes  it  fprings 
up  fpomaneoufly  §.  Can  any  part  of  the  caufe  be  affigned  to  ihe  prevalent  eaftcrly  winds, 
which,  by  driving  the  finer  particles  of  fand  to  leeward,  may  have  heaped  it  up  to  a  higher 
level  in  the  Sahara  than  clfewhere  ? 

The 

•  A  ridge  ftrctchei  to  the  Ibuth  through  the  midillc  of  South  Africa,  and  fnrmi  in  imptnctrable  barricrr 
between  the  two  coaftt.  M.  Corrca  de  Seira  informt  me,  that  the  Poriugatfe  in  Congo  aod'Aligola  have 
never  been  able  to  penetrate  10  the  coafl  of  the  Indian  Ocean, 

Mr.  Bruce  learned  (vol.  lii.  p.  £68.)  that  a  high  chain  of  mountaini  from  h*  runt  fouthward .  through  iltc 
middle  of'Africa.    He  fuppulei  the  gold  of  Sofala  to  ba  drawn  frpm  ihefe  mountains,  (p.  t6q,) 

f  CireumHances  have  0»ewn,  diat  11  declines  10  the  eaftwarJ  alfo, 

J  ••  A  ivild  opanfe  of  iifclcfi  fand  and  tky  I"     Thomson, 

llPagp  i]o. 

{  Water  :<  found  K  the  depibof  afew  f»t  inTciun  (African  Affix.  Q^p,  j6,  O,  p.  n<,.y   Tlx- fameit 

fai4. 


r 


Fhx/iettl  und  Peritieal  Getgr/iphj  tf  fj^nh  AfrUm.  ij  5 

The  fprings  no  doubt  have  produced  ihe  oafes  dicmfclves,  by  enabling  uTeful  vegetables 
to  flourifh,  and  confequentiy  popii!aii»n  to  be  cftabliflied.  That  the  Dercrt  has  a  dip  to- 
wards the  eaft  as  well  as  the  fouih.  Teems  to  be  proved  by  the  courfc  of  the  Niger  alfo. 
Moreover  the  higheft  points  of  North  Atriua,  that  is  to  fay,  ths  mountains  of  Mandinga  and 
Atlas,  arc  fituated  very  far  to  the  weft. 

The  Dcfert  for  the  mo(l  part  abounds  with  fait.  But  we  hear  of  fait  mines  only  in  the 
part  contiguous  toNigritia,  from  whence  fait  is  drawn  for  ihe  ufcof  thofe  countries  as  wcil 
(IS  of  the  Moorifti  dates  adji'iniiig ;  there  being  no  fait  in  the  Negro  comitrics  fouth  of  the 
fJiger  ".     There  are  fait  lakes  alfo  in  the  eaftern  prt  of  the  Defcrt, 

The  great  ridge  of  mi>unt3(m  anJ  its  branches  are  very  produflive  in  gold;  but  mare 
particularly  in  the  quarters  oppofitc  to  Manding  anJ  iJambouk  on  tie  welt,  and  W,ingara 
on  the  eafl.  It  may  perhaps  admit  of  a  doubt,  whether  the  gold  is  brought  djwn  at  the 
prefent  time  by  the  numerous  fountains  that  form  the  heads  of  the  Niger  and  Senegal  riwcrs ; 
or  whether  it  has  been  depofiicd  in  the  lower  parts  of  their  beds  at  an  earlier  period  of  the 
world  i  and  that  the  fearch,  inJlead  of  being  facilitated  by  the  periodical  floods,  is  on  the  con- 
trary only  to  be  purfued  with  cffcft  when  the  waters  are  low. 

Tombacloo  is  reckoned  the  mart  of  the  Mandinga  gold,  from  whence  it  is  difirlbuied  ov«r 
the  northern  quarters  of  Africa  by  the  merchants  of  T«nis,  Tripoly,  Fczean,  and  Morocco ; 
all  of  whom  rcfort  to  Tombuftoo.  Moftof  it  no  doubt  afterwards  finds  its  way  into  Europe. 
It  may  be  remarked  alfo,  that  the  gold  coad  of  Guinea  (fo  called  doubtlefs  from  its  being 
the  place  of  traffic  for  gold  dufl)  is  Tituatcd  nearly  oppofite  to  Manding:  but  whether  the 
gold  brought  thither  has  been  waOied  out  of  the  mountains  by  the  northern  or  fouthern 
fircams,  I  know  not :  it  may  be  both  f-    Degombah,  another  country  faid  to  be  very  pro- 

duaitc 
raid  by  Pliny,  conumiDg  this  quarter  of  Africa ;  lib.  v.  c.  j.  B«  fanhtr  to  ilie  N.  W.  on  the  edge  of  the 
Sefcrt,  and  in  the  country  of  Wadresg  in  parti culir,  [Shaw,  p.  ij;.)  wclUarE  dug  to  an  amazing  depth,  and 
water  mixed  with  fine  fand  fpringi  vp  fuddenly,  «nd  fometlrats  fatally  10  the  workmen.  The  DoAor  iclls  us 
lhn  the  i<ople  call  thit  abyfi  of  faad  and  Wiiter,  "  (he  Tea  below  graond."  Enaflly  the  lame  ftate  of  ihingi 
exilft  in  the  country  rotnid  London,  wlitrc  the  fand  has  in  feveral  cafes  nearly  tilled  up  ihe  wells.  (See  Pliil. 
Tranf.  for  1797.)  The  famous  well  lately  dug  by  Earl  Spencer  (at  Wimbledon),  of  more  thaa  560  feet  in 
depthi  has  fcveral  hundred  feci  of  fand  in  it. 

*  Tliis  quality  of  the  African  Deftrt  was  familiarly  known  to  Herodotus  (Melpom.  e.  iBi,  et  feq.)  He 
knew  alfo  that  there  was  fall  in  sibundancc  in  the  northern  pans.  But,  as  the  inhabitants  in  that  quarter  cjr 
furnilli  theralelves  ivith  fait  of  3  better  quality  from  the  lea,  the  mines  arc  not  \>*niught. 

t  Some  writen  have  faJd,  that  there  are  gold  mines  in  the  neighbourhood  of  Mina,  on  t^iegold  coan;.(ithen 
tliat  flit  gold  'n  roHed  down  hy  riie  rivers  to  thit  neighbourhood,  Bmh  may  be  (rue.  But,  on  the  other  hand, 
it  is  faid  that  ihe  gold  of  Wangara  it  alfo  brought  for  Tale  to  the  fouthern  coaA. 

Ii  is  difficult  to  conceive  any  other  adequate  caufe,  than  the  exchange  of  the  gold  of  the  inland  countries 
for  the  introduflion  of  fo  vafl  a  quantity  of  kowry  Iheils,  which  arc  carried  from  Europe  to  the  coaft  of 
Guinea,  and  pafa  for  finall  money  in  the  counttlti  along  the  Niger  from  Bambaraio  KalTina,  both  i^cIu^l^-c. 

1  am  informed  from  luihoriiy,  that  about  loo  i*ns  of  kowrics  arc  annually  Ihippcd  from  England  alunc  to 
Guinea.  Thefe  are  originally  imported  from  the  Matdive  illands  into  Bengal  \  and  from  Bengal  inio  Eng. 
land.  In  Bengal  1400  more  or  lefs  arc  equal  10  a  fliilling:  and  yet,  notwithllanding  the  incredible  fmallncfs  iif 
ihe  denomination.  Tome  article  in  the  market  may  be  ]iurchafi:d  for  a  fingle  kowry.  But  in  the  inland  pant  of 
Africa  they  ire  about  ten  timet  ai  dear,  varying  from  110  i*  %\f.  Mr.  Beaufoy  wa«  told,  that  in  Kaifina 
flicy  were  at  the  rate  of  about  150.    And  Mr.  Path  report),  that  they  are  about  the  fame  price  at  Seg* :  but 
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dujiive  in  gold  ^,  mud  by  its  fituation  lie  diretSlIy  oppofite  to  the  gold  coaft :  for  it  lies  im* 
mediately  to  the  eaft  of  Kong  (the  Gonjah  of  Mr.  Beaufoy  and  the  Concbe  of  D'Anville  f .} 
The  people  of  Fczzan  trade  to  Kong. 

The  triangular  hilly  trail  above  comnKmorated,  (p.  71  of  the  5«  Illuftrations**)  which 
projects  northward  from  the  higheft  part  of  the  belt,  and  contains  Manding,  Bambouk,  &c. 
it  alfo  abundant  in  gold;  particularly  in  the  quarter  towards  Bambouk)  where  it  is  found  in 
mines ;  and  that  chiefly  \vt  the  middle  level  f .     (See  alfo  p.  71.) 

Wangara  appears  to  have  been  in  its  time  nearly  as  rich  as  Manding  in  thi«  metal.  Th« 
Arabs  name  it  Belad  al  Tehr^  or  the  country  of  gold  ||.  Edrifi,  Ibn  Al  Wardi,  and  Leo,  bear 
teftimony  to  its  riches.  They  fay  that  the  gold  is  found  in  the  fands  after  the  periodical 
inundation  of  the  Niger  (which  is  generally  over  the  country)  is  abated  §.  Leo  alone  •* 
fays,  that  the  gold  is  found  in  the  fouthern  quarter  of  the  kingdom  ;  which  appears  very 
probable,  as  the  mountains  lie  on  that  fide  ;  fo  that  it  may  be  concluded,  that  the  gold  fand 
has  not  been  brought  there  by  the  Niger,  but  by  fmaller  rivers  that  defcend  immediately 
from  thefe  mountains.  That  a  part  of  Wangua  is  bounded  by  mountain^  we  learn  from 
Edrifi :  for  the  lake  on  which  Reghebil  ftands  has  mountains  hanging  over  its  fbuthera 
'^ihore  tt« 

It  is  fuppofed  that  mod  of  the  countries  bordering  on  thefe  nu)untains  ftiare  in  the  riches. 
contained  within  them,  by  means  of  the  rivulets  W^  But  confidering  how  amazingly  pro- 
ductive in  gold  the  dreams  of  this  region  are,  it  is  wonderful  that  Pliny  fhould  not  mention 
the  Niger,  as  one  of  the  rivers  that  rolls  down  golden  fands  :.  for  although  he  ipeaks  qf  the 
Tagus  and  others  in  different  quarters,  no  African  river  is  mentioned  ||||»  And  yet  Herodotus, 
knew  that  the  Carthaginians  bartered  their  goods  for  gold,  with  the  Africans  on  the  (ea 
coaft  beyond  the  pillars  of  Hercules  \  which  was  contrived  without  the  parties  feeing  eacb 
other  \\. 

The  common  boundary  of  the  Moors  and  Negroes  in  Africa  forms  a  ftriking  feature,^  as^ 
well  in  the  moral  as  the  political  and  phyfical  geography  of  this  continent*  The  Moors  dc- 
fcendants  of  Arabs,  intermixed  with  the  various  colonifts  of  Africa  fcom  the  carlieft  to  the 

cheaper  at  Tombuftoo,  which  is  about  the  centre  of  the  kowry  country;  dearer  towards  MaadiAg,  which  i» 
the  weftcrn  extremity  of  it.  Hence  they  are  probably  cairled  in  the  firft  inftance  to  Tombu£too,  the  gold 
market ;  and  thence  diftributed  to  the  eall  and  weft.  Their  circulation  feems  to  be  confined  between  Bomoi^ 
and  X^anding.    In  Bornou  they  have  a  coinage  of  bafe  metal* 

♦  African  AlToc.  Q^p.  176.  O.  p.  264. 

f  Mr.  Park  fays,  that  Kong  fignifics  mountain  in  the  Mandinga  language  \  which  language  is  in  ufe  from 
the  frontier  of  Baoibara  to  the  weHern  fea. 

J  Labat,  vol.  iv.  ch.  2. 

g  Bakui,  and  Herbelot ;  article  Vankara. 
•   }  See  Edrifi  in  particular,  pages  11  and  12. 

■**  Page  254.  ff  Edrifi,  page  la. 

W  Mr.  Bruce,  vol.  iii.  p.  647,  feys  the  fame  of  the  mountains  of  Dyre  and  Tcgla,  which  arc  a  continuatioo  o£ 
the  great  belt,  towards  Abyffinia. 

(Ill  Pliny,  lib.  xxxiii.  c.  4.  §§  Melpomene,  c.  196. 

Dr.  Shaw  (p.  302^  fpeaks  of  the  fame  mode  of  traffic  at  prefent  between  the  Moors  and  Negroes;  whence 
the  place  of  traffic  ought  to  be  very  far  removed  from  the  Mediterranean.  There  is  a  fimilar  (lory  related  by 
CadamoiU  of  the  exchange  of  fait  for  gold  in  Mclli  \  and  by  Dr.  Waddrom  on  the  wmdward  coalt  of  Guinea. 

latcft 
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lateft  times  overfpread  the  habiuble  parts  of  the  Defert,  and  the  oafes  within  it  \  and  have 
pufiied  their  conquefts  and  eftablilhaients  fouthward ;  preding  on  the  Negro  aborigines,  who 
have  in  feveral  infiances  retired  to  the  fouthward  of  the  great  rivers;  but  in  others  prefervc 
dieir  footing  on  the  fide  towards  the  Defert^  according  to  the  ftrength  or  opennefs  of  the 
fituation.  It  is  probable,  however,  that  the  Negroes,  who  are  an  agricultural  people,  never 
poflfefTed  any  confiderable  portion  of  the  Defert,  which  is  fo  much  better  fuited  to  the  paftoral 
life  of  the  Moors.  It  appears  as  if  matters  had  not  undergone  much  change  in  this  re^ft 
fmce  the  days  of  Herodotus  \  who  fixes  the  boundary  of  the  Libyans  and  Ethiopians,  in 
other  words,  of  the  Moors  and  Negroes,  near  the  borders  of  the  Niger  \  and  he  apparently 
pointed  to  the  quarter  in  which  Kaflina  or  Ghana  are  now  Gtuated  *. 

The  Negroes  in  the  weftern  quarter  of  the  continent  are  of  two  di(lin£):  races,  of  which 
the  lead  numerous  are  named  Foulahs  or  Foolahs.  Thefe,  although  they  partake  much  of 
the  Negro  form  and  complexion,  have  neither  their  jittj  colour,  thick  lips,  or  crifped  hair. 
They  have  alfo  a  language  di(lin£l  from  the  Mandinga,  which  is  the  prevailing  one  in  this 
qtiarter. 

The  original  country  of  the  Foulahs  is  faid  to  be  a  XxzSi  of  no  great  extent  along  the 
caftern  branch  of  the  Senegal  river ;  fituated  between  Manding  and  fCalTon ;  Bambouk  and 
Kaarta :  and  which  bears  the  name  of  Foola^oo,  or  the  country  of  the  Foulahs.  But 
wliether  this  be  really  the  cafe,  or  whether  they  might  not  have  come  from  the  country  with- 
in Serra  Leona  (called  alfo  the  Foulah  country),  may  be  a  queftion ;  of  which,  more  in  the 
fequel.  The  Foulahs  occupy  at  lead  as  fovereigns  feveral  provinces  or  kingdoms,  inter- 
fperfed  throughout  the  tra£l  comprehended  between  the  mountainous  border  of  the  country 
of  Serra  Leona  on  the  weft,  and  that  of  Tombu£too  on  the  eaft ;  as  alfo  a  large  tra£t  on  the 
lower  part  of  the  Senegal  river  3  and  thefe  provinces  are  infulated  from  each  other  in  a  ^ttj 
remarkable  manner.  Their  religion  is  Mahomedanifm,  but  with  a  great  mixture  of 
Paganifm  \  and  with  lefs  intolerance  than  is  pradlifed  by  the  Moors. 

The  principal  of  the  Foulah  ftates  is  that  within  Serra  Leona  ;  and  of  which  Teemboo 
is  the  capital.  The  next  in  order  appears  to  be  that  bordering  on  the  fouth  of  the  Senegal 
river,  and  on  the  JaloiFs :  this  is  properly  named  Siratik.  Others  of  lefs  note  are  Bondou^ 
with  Foota-Tom  adjacent  to  it,  lying  between  the  rivers  Gambia  and  Faleme  ;  Foola-doo 
and  Ikooko  along  the  upper  pare  of  the  Senegal  river ;  Waflela  beyond  the  upper  part  of 
the  Niger ;  and  Maflina  lower  down  on  the  fame  river,  and  joining  to  Tombudoo  on  the 
weft- 

The  Moors  have  not  in  any  inftance  efiabliflied  themfelves  on  the  fouth  of  the  great  rivers. 
They  have  advanced  farthcft  to  the  fouth  in  the  weflern  quarter  of  Africa  ;  fo  that  the  com- 
mon boundary  of  the  two  races  paffcs,  in  refpeft  of  the  parallels  on  the  globe,  with  a  con- 
fiderable degree  of  obliquity  to  the  north,  in  its  way  from  the  river  Senegal  towards  Nubia 
and  the  Nile.  Mr.  Park  arranges  the  Moorifh  ftates,  which  form  t\\t  frontier  towards 
Nigritia,  together  with  the  Negro  ftates  oppofcd  to  them  on  the  fouth,  in  the  line  of  his  pro- 
grefs,  in  the  fojlowing  order : 

The  fmall  MooriQi  ftate  of  Gedumah,  fituated  on  the  north  bank  of  the  Senegal  river, 
and  the  laft  that  touches  on  itf)  is  oppofed  to  the  fmall  Negro  kingdom  of  Kajaaga,  on  the 

•  See  Euterpe,  c.  31 ;  and  Melpomene,  c.  197. 

t  The  Moors  appear  to  be  miftcrs  of  the  northern  bank  of  the  Senegal,  through  the  greateft  pan  of  ht 
navigable  courfe ;  the  Foulahs  the  fouthern  bank. 

You  11.^— Sept.  1798.  L 1  ibiith. 
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fouib.  Thfs  latter  occupies  the  extremity  of  the  havlgahls-couife  ofthe  Senegal,  terminated 
it\  this  4)1  jce  by  the  catara£t  of  F'low. 

Frpm  this  point  the  Negro  and  Foulah  dates  occupy  both  banks  of  the  Senegal  river  to 
its  fource  j  and  beyond  that  both  banks  of  the  N'^er  (or  Joliba)  likewife,  to  the  lake  Dibbie, 
fituated  beyond  the  term  of  Mr.  Park's  expedition.  This  fpace  is  divided  unequally  between 
Kaflbn,  a  hilly  flrong  country,  but  of  fmall  extent ;  and  which  has  the  Moors  of  JafFnoo  on 
the  north  :  Kaarta  a  confiderable  ftate,  which  has  Ludamar  for  its  oppofite  (a  country  held 
by  Ali,  a  M^iorifh  prince,  who  is  loaded  with  infamy  on  the  fcore  of  maltreatment  of  the 
only  two  Europeans  who  appear  to  have  entered  his  country  in  latter  times) :  Bambara  of 
flillmore  confidjeration,  having  the  Moorifh  kingdom  of  Becroo  to  the  north  :  and  MafBna, 
a  Foulah  Aate  bordering  alfo  on  the  fouth  of  Beeroo. 

Here  Mr.  Park's  pcrfonal  knowledge  ends ;  but  he  learnt  that  Tombu(3oo  and  HoufTa, 
which  fucceed  in  order  to  MaHina,  and  occupy  both  fides  of  the  Niger,  are  Mooriib  llatesy 
though  with  greateft  proportion  of  Negro  fubjefts :  fo  that  the  river  may  be  confidered  as  the 
boundary  of  the  two  races  in  this  quarter  *.  '  . 

Of  the  countries  between  HouflTa  and  Kaffina  we  are  ignorant.  The  Defert  feems  to  ap* 
proach  very  near  the  river  (Niger)  in  that  quarter,  whence  a  Moorifh  population  may  be  in- 
ferred. South  of  the  river,  we  hear  of  Kaffaba,  Gago,  and  other  Negro  countries ;  but 
without  any  diftindl  notices  of  pofitioB ;  and  beyond  thefe  Melli. 

Kaffina  and  Bbrnou,  two  great  empires  on  the  north  of  the  river,  appear  to  divide  the 
largeft  portion  of  the  remaining  fpace  to  the  borders  of  Nubia ;  and  extend  a  great  way 
to  the  north  ;  this  region  being  compofed  of  defert  and  habitable  country  intermixed  ;  but 
perhaps  containing  the  largeft  proportion  of  the  latter.  In  both  thefe  empires,  thefove- 
jreigns  are  Mahomedans,  but  the  bulk  of  their  fubje'(fls  are  faid  to  adhere  to  their  ailcient 
worfhipi  that  is  to  fay,  the  lower  orders  are  almoft  univerfaily  Negroes  f* 

From  what  has  appeared,  perhaps  the  boundary  of  Nigritia  as  it  re(pe£U  the  Negro  popu- 
lation may  be  expreffed  generally,  and  with  a  few  exceptions,  as  follows :  beginning  from!  the 
weft,  thje  extent  upwards  of  the  navigable  courfe  of  the  Senegal  river,  geoerally— thence  a 
line  drawn  to  Silla  j  from  Silla  to  Tombu£loo,  Houfla,  and  Berifla,  along  the  river  Niger  ; 
and  thence  through  Afouda,  Kanem,  and  Kuku,  to  Dongola  on  the  Nile. 

Leo]:  enumerates  12  ftatcs  or  kingdoms  of  Nigritia:  but  amongft  thefe  he  includes 
Gualata,  a  trail  only  300  miles  S.  of  the  river  Nun  :  as  alfo  Cano  (Ganat),  adjacent  to 
Fezzan  j  and  Nubia.   Kaffina,  Bornou,  and  Tombuftoo,  are  included  of  courfe  §. 

The  kingdom  of  the  Foulahs,  before  mentioned,  fituated  between  the  upper  part  of  the 
Gambia  river  and  the  coaft  of  Serra  Leona,  and  along  the  Rio  Grande^  has  alfo  a  Maho* 

•  The  emperor  of  Morocco  is  faid  to  have  held  at  one  period  the  forereignty  of  feme  of  the  countries  on  the 
northern  banks  of  the  Senegal  and  Niger  rivers.    Labat,  vol.  iii.  p.  3391,  fpcaksof  incurfions  made  by  his  troops* 

f  African  Afluc.  Q^^p.  116.  O.  p.  191, 

J  Page  4. 

§  The  Arabs  and  Moors  call  Nigritia  by  the  general  name  of  Soudan.  By  Belad  Soudan,  or  the  country  of 
Soudan,  Abulfcda  includes  all  the  known  part  of  Africa,  fouth  of  the  Great  Defert  and  Egypt.  With  him. 
Soudan  is  the  fouthcrn  quarter  of  the  globe.  D^Herbclot  alfo  allows  it  a  wide  range.  AfFnoo  is  another 
term  for  Nigritia,  in  ufc  among  the  natives  thcmfclYCS.  (Sec  alfo  Proceedings  Afric.  Aflbct  Qj^  p.  164. 
O.  p.  246.) 
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Phyjicnl  and  P^htcal  Geography  of  ^orih  Africa.  a^^ 

medan'fovereign,  but  the  bulk  of  the  people  appear  to  be  of  the  ancient  religion.  It  has  been 
aliL ady  fai  i,  that  although  they  are  a  black  people,  they  are  lefs  black  than  the  Negroes  gene- 
rally, and  have  neither  crifpcd  hair  nor  thick  lips :  as  alfo  that  they  have  a  language  diftinft 
from  the  Mandinga.  From  thsfc  circuniftances,  added  to  that  of  fituation,  they  appear 
clearly  to  be  the  Leucathiopes  of  Ptolemy  and  Pliny.  The  forrti^r  places  them  in  the 
lituation  occupied  by  the  Foulahs  ;  that  is,  in  the  parallel  of  nine  degrees  north;  havin^^to 
the  north-  the  mountains  of  Ryjfadius^  which  feparate  the  courfesof  the  Stachir  and  Nia 
rivers  (Gambia  and  Rio  Grande),  and  which  therefore  aofwer  to  the  continuation  of  the 
great  belt  of  high  land  in  our  geography  \  in  which  there  is  moreover  another  point  of  agrees 
ment,  the  Caphas  of  Ptolemy  being  the  Caffaba  of  the  niap  *• 

I'tolemy  by  'the  name  evidently  meant  to  defcribe  a  people  lefs  black  than  the  generality  of 
the  Ethiopians  \  and  hence  it  may  be  gathered  that  this  nation  had.  been  traded  with,  and 
that  fome  notices  refpefling  it  had  been  communicated  to  him.  It  may  alfo  be  remarked, 
/that  the  navigation  of  Hanno  terminated  on  this  coaft ;  probably  at  Sberbro*  river,  or 
found.  And  as  this  was'alfo  the  term  of  the  knowledge  of  Ptolemy,  it  may  be  juftly  fuf- 
pe£led  that  this  part  of  the  coaft  was  defcribed  from  Carthaginian  materials  f. 

Thofe  who  have  pcrufed  the  Journal  of  MefTrs.  Watt  and  Winterbottom,  through  the 
Foulah  country  in  1794?  and  rccoHeft  how  flattering  a  pidlure  they  give  of  the  urbanity 
and  hofpitality  of  the  Foulahs,  will  be  graiified  on  finding  that  this  nation  was  known  and 
diftinguiOied  from  the  reft  of  the  Ethiopians  at  a  remote  period  of  antiquity  \. 

The  contraft  between  the  Moorifh  and  Negro  charafters  is  as  great  as  that  between  the 
nature  of  their  rcfpeftive  countries  ;  or  between  their  form  and  complexion.  The  Moors 
appear  to  poflfefs  the  vices  of  the  Arabs  without  their  virtues;  and  to  avail  themfelves  of  an 
intolerant' religion,  toopprefs  ftrangers:  whilft  the  Negroes,  and  efpecially  the  Mandingas, 
unable  to  comprehend  a  dbdrine  that  ftibftitutes  opinion  or  belief  for  the  fecial  duties^'are 
content  to  remain  in  their  humble  ftate  of  i|^rince.  The  hofpitality  {he#n  by  thefe  goad 
people  to  Mr.  Park,  a  deftitute  and  forlotri  ftranger,'  raifes  them  very  high  in  the  fcalc  of 
humanity :  and  I  know  of  no  fitter  title  to  confer  on  them  than  that  of  the  Hindoo^of 
Africa:  at  the  fame  time  by  no  means  intending  to  degrade  the  Mahomedans  of  India  by  a 
com^iarifon  with  the  Aft-ican  Moors.         *  •'      • 


'  ^ 


:^-  Th^So1ue^tii  bf  Ptoleniy  may  yfo  be  meant  for  the.Solimani  of  Mr.  Park.       .     . 

f  And  it  may  alfo  have  been  the  fceiie  of  traffic  mendoned  in  page  155  ;  at  Dr.  Wadftrom  fpeaks  of  fuch  a 
cuftom  in  this  quarter  at  the  prefent  day.  

t  Pliny  (lib.  t.  c.  8«)  alfo  ^aks  of  tht  Lettcaethiopea,  but  fcemt  to  place  them  on  this  fide  of  Nigritia.   Ifikj 
it  not  be  jthat  ceruunt  tnbet  of  FouUhi  wn?  then  ^blUhed,  as  at  ppslf  nt,  along  tjl^f  "Senegal  river  ? 
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IV.  Obftr. 


't6o  On  thj  Origin  of  Mofuy. 

IV. 

Obfervations  on  Metallic  Money  j  chiefly  direBed  U  a/certain  the  mo/l  advantageous  DiflributUv 

and  Figure  cf  Gold^  Silver ^  and  Copper  in  Coins. 

JIF  the  value  of  fcicnce  be  meafured  by  its  utility,  there  is  no  part  of  human  knowledge 
that  will  rank  higher  than  political  economy.  If  we  juftly  applaud  the  inventor,  who  by 
the  con(lru£lion  of  a  machine,  or  the  improvement  of  a  chemical  procefs,  has  added  to  the 
fum  of  our  enjoyments,  in  oncfmall  part  of  the  great  fcbeme  of  focial  life;  how  much  more 
is  due  to  thofe,  who,  by  invedigating  the  procelles  upon  which  thatfcheme  itfelf  depends^ 
have  added  to  the  facilities  of  mutual  intercourfe^  and  given  vigour  to  every  department  of 
adlive  induftry? 

When  we  contemplate  the  ftate  of  man,  (upported  merely  by  the  art  of  the  hunter,  or  by 
the  immediate  produiSls  of  the  earth  ;  aflTociated  lefs  for  the  purpofe  of  mutual  affiftance  in 
the  arts  than  for  predatory  enterprife  or  dired  refiftance  againft  the  opprefiion  of  his  neigh- 
bours ;  we  are  almoft  inclined  to  think  him  of  a  different  fpecies  from  the  fame  creature 
in  the  civilized  ftate.  Upon  examinitiony  however,  it  appears,  that  the  inevitable  neceffity 
of  events  has  produced  the  diiFerence.  The  variety  of  produflions,  of  wants  and  of  fabrica*. 
tions,  has  given  rife  to  barter  or  exchange.  Mutual  fupply  has  increafcd  the  fubJivifion  of 
labour,  and  improved  the  means  of  conveyance.  Streams,  roads,  (hips  and  carriages,  have  ex- 
tended this  beneficial  intercourfc.  Confidence  between  man  and  man  has  advanced  the  moral 
principles  of  fpciety,  and  afforded  a  progrefllon,  of  which,  the  pad  gradations  ma]j  indeed.be 
traced,  but  to  the  future  part  of  which  the  imagination  can  fcaccely  afford  a  probable  outline. 

Among  the  impediments  to  commerce,  the  greateil  undoubtedly  is  the  charge  of  convey* 
ance  from  place  to  place.  This  is  the  great  obftacle  which  limits  the  exchange  of  com- 
modities from  one  extremity  of  the  world  to  the  other.  Whenever  the  charges  of  carriage 
arifir  to  fucb  an  amount  as  to  equal  the  eflS:£luaL  return  ia  any  remote  market,,  the  motive 
fel^  conveying  mecchandize  to  that  place  ceaies.  If  goods  were  alwaj^s  exchanged  for  goods^ 
it  is  clear  that  the  convejrance^  under  the  uncertainty  of  difpof^l,.  would  take  place  to  sLverjr 
fmall  diftance  indeed ;  and  the  labour  required  to  difcover  the  perfons  willing  to  excl\ango 
would  greatly  enhance  the  charge*  It  would  require  a  volume  to  enumerate  and  dcfcribe. 
ih^  expedients^  monal  as  well  as  mechanieal,  by  whicbthefedificulties  are  in  part  fiibdued^ 
aiMi  fttll  more  to  deduce  their  erigin  and  general  efiedb.  One  of  the  chief  of  tbeffi  expedi- 
ents confifts  in  the  ufe  of  fome  article  of  merchandize,  as  the  medium  of  exchange,^  whiclL 
AnllW  acccpubfe  to  every  man,  and  will  therefore  be  received- and  held^  by  the  feller  of  any 
commodity  until  be  IhaH  meet  witb^anotber  individual^  who  be  knows  will  again  take  it  for 
Ae  article  he  wants. 

In  the  ifland  of  Madagafcar,  It  is  faid,  that  the  exchangeable  .value  of  gooda  is  reckoned  in^ 
hatchets^  bullocks^  andflaves^  tbefe  commodities,  being  univerfaUy  vendible,,  and  (o€  that 
reafon  every  where  received.  Smith  affirms,  that  nails  anfwer  the  fame  purpofe  in  fome 
parts  of  Great  Britain.  Theie  and  other  inftances  maf  ferve  to  ibew  hom  a  preferable- 
medium  of  exchange  becomes  adopted,  and  it  wiH  without  difficulty  be  feen  that  the  fcarceft 
and  leaft  deftru£lible  meuls  muft  have  at  length  become  the  univeiial  fubftitutes.  For  tbeic 
Talue  does  not  depend  on  their  fiigure  i  they  maf  be  fubdivided  and  jgjned  again  without 
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B'tiitt  Mtlah  *ft  hejl  adopted  for  Coin.  t^ 

lofs ;  tTier  reteive  no  injury  by  kceplnE  j  and  the  labour  of  conveying  thcnt  from  place  tt> 
place  forms  a  Icffi  part  of  their  vnluc  than  of  aloioll  every  other  article. 

The  firft  moneys  vrcre  mere  quantities  of  nicial  afcertaincd  by  weight,  as  the 
names  of  mod  fpc^ies  fliU  iiidicaic.  The  interference  of  governments  was  founil  ne- 
te(rin7  to  alTure  the  weight,  and  more  particularly  the  iincnefs  of  determinate  portions  of 
metal }  and  this  has  given  rirc  to  an  opinion,  that  a  part  cf  the  value  of  coin  mull  depend 
on  the  edi£l  of  the  State  which  iffues  it.  Whether  ftatefmcn  themfclves  have  \n  reality 
thought  this  lo  be  ihe  cafe,  is  little  to  ihe  purpofe ;  but  it  is  certain  that  they  have,  from 
rime  to  time,  yielded  to  the  temptation  of  diminidiing  the  quantity  of  precious  metal  ilTucd 
under  a  given  dcnonji nation,  either  by  openly  deducing  from  the  weight,  or  fecretly  de- 
badng  the  coin  ".  Tranfaflions  of  this  nature  muft  have  operated  to.  the  iofs  of  all  the 
creditors  in  the  State  ;  but  they  have  never  deceived  the  (ellcrs,  who  have  always  regulated 
their  prices  by  their  knowledge  ofthe  real  quantities  of  the  metal,  and  not  by  the  denomi- 
nation or  the  nippofed  weight  or  fmencfs  it  might  denote.  The  imaginary  coin,  or  money 
of  account,  in  be  fournl  iu  de  mercaiuile  books  of  almoft  every  commercial  nation,  muft 
have  arifcn  partly  from  this  caufe. 

I  was  led  (0  the  prefcnt  examination  by  hearing  that  a  com-nittce  of  the  Royal  Academy 
has  been  appointed  to  take  into  confideration  a  proper  dcfign  for  a  new  coinage  ;  and,  uporv 
enquiry,  I  find  that  his  Majefly's  Privy  Council  have  repeatedly  deliberated  tM  thi-,  lubjciSl, 
and  referred  the  ornamental  part  to  the  Royal  Academy  for  their  difcullion  and  report. 
On  fuch  occafwns  «  has  alway'^  and,  I  think,  rightly,  been  conlidered  as  a  becoming  tranf- 
a£lion  oa  the  part  of  individuals  to  give  their  thoughts  to  the  world  by  the  medium  of  the 
prefs ;  and  under  this  conviflion  it  is  thai  I  have  ventured  to  place  the  fubicft  in  tlte  light 
k  appears  to  me  to  require. 

The  metals  ufcd  for  coinage  are  goW,  filver  and  coppe*.  According  to  tlie  exchange- 
able value  of  gold,  half  a  grain  of  this  metal  would  purchafe  as  much  bread  as  a  man  could 
cat  at  one  meai.  Tim  tnall  piece  of  gold,  if  as  thin  as  paper,  would  not  meafure  above 
Ac  tenth  part  of  an  inch  in  breadth,  and  would  therefore  be  perfe^ly  inconvenient  foe 
ofc.  It  has,  in  fail,  been  found,  that  the  gold  coin  of  the  weight  of  32  grains  (or  the 
cuarter  guinea)  was  loo  fmall  to  be  conveniently  ufcd.  The  fame  obfcrvattons  will  apply, 
(o  the  fmallcr  fub-divifions  of  the  fliilling  of  Giver  \  whence  upon  the  whole  it  appears, 
that  coins  of  all  ihc  three  metaU  are  required  to  facilitaie  our  commerce  of  buyiiig  and 
fclliug. 

Gold,  filver  and  copper,  like  every  other  produce  of  human  indullry,  depend  for  thcit 
value  principally  on  the  labour  employed  In  producing  and  bringing  them  to  market,  and 

*  Tliit  diminution  has  taktn  pl»ee  thtoughoui  Europe.  With  m  the  pound  uf  money,  which  *bout  ih* 
year  10B7  caniaincd  a  pound  wtighc  of  Alvcr,  his  (otiiiimcd  at  Icfi  than  one-third  (or  ^J)  of  that  (|uantli]r' 
ever  fmce  the  rtign  of  Elitabcdi.  Our  neighbour!  however  have  univirfally  cxetcdcdut  in  this  refpcfl.  Thul- 
the  pound  Fletnifh  it  left  than  ctevto  IhUlin^  ;  (he  Ftmch  livtc  is  icn  pence,  aoJ  ihc  Inliln  lire  i*  Iclt 
lliui  lid. 

The  Chinefe  Hill  ofe  fine  GUer,  which  they  aftoally  cut  and  weigh  at  every  fiogle  payment.  They  are  faid 
Vn  ha>e  formeily  pofTcned  filver  coin  -,  but  whether  they  were  urged  to  ihcir  prerent  practice  by  uncertain  va- 
tiotioni  in  iti  value  <aulcd  by  llicir  rulcri,  or  by  the  dilliculiy  of  otherwifc  rcjilting  ihc  ani&cea  of  toinai,  L 
tnonr  net. 


a6l  Thi  Operations  of  Gold  and  Silver  as  fa^ed  Coins, 

in  a  connderablc  degree  upon  the  aflual  demand. ,  As  thefe  articles  are  not  employed 
merely  in  the  fabrication  of  coinsi  the  demand  will  vary  in  each  according  to  circum- 
flances,  which  admit  of  no  permancilt  ratio  of  exchange  between  them.  If  the  State  were 
to  coin  certain  pieces  of  known  weight  and  finenefs  out  of  each  of  thefe  metals,  and  de« 
termine  that  a  certain  number  of  the  fiiver  pieces,  for  example,  (hould  in  all  cafes  be 
equiyalent  to  one  piece  of  the  gold,  it  would  naturally  follow,  fuppofing  the  individual  to 
pay^nothing  for  the  coinage,  that  a  debt  might  be  difcharged  with  molt  facility  to  the 
debtpr,  and  confequently  lofs  to  the  creditor,  in  the  cheapeft  of  thefe  two  metals,  whenever 
by  the  fluctuation  of  the  market  either  of  them  (hould  come  to  reprefent  a  larger  portion 
of  the  other  than  the  edi£l  of  the  goyernment  had  determined.  This  confequence  of  fix- 
ing the  relative  value  of  coins  would  (how  itfelf  in  a  variety  of  ways,  which  need  not  be 
enmilierated ;  becaufe  it  is  certaii^  that  the  dearer  metal  would  occupy  the  greater  part  of 
the  circulation,  while  the  cheaper  pieces  would  either  be  melted  down  or  dimini(hed,  if 
their  rated  value  were  too  high,  or  they  would  be  fabricated  by  individuals  if  it  were  too 
^  low,  in  defiance  of  every  public  regulation  which  might  be  .adopted.  If  we  therefore  ad- 
mit, from  confiderations  of  this  nature^  that  no  government  does  in  reality  poflefs  the  means 
of  fixing  a  ratio  between  two  articles  of  commerce,  intended  to  be  applied  as  the  tickets 
of  transfer  or  mediums  of  exchange,  we  (hall  be  naturally  led  to  the  adoption  of  one  of  the 
metals  only,  as  the  reprefcntative  fign,  while  the  two  others  are  applied  merely  as  inftru- 
nients  of  accommodation  for  the  convenient  fub-divifions  of  value. 

With  regard  to  the  quefiion  of  preference  in  thefe  three  metals,  experience  has  (hewtf 
that'fociety  is  difpofed  to  aiTume  the  deareft  *,  namely,  gold.  With  a  fingle  ftandard  of 
value,  the  flu£tuation8  of  the  market  price  of  the  metal,  when  compared  wich  other  com- 
modities, will  be  nearly  imperceptible,  btcaufe  they  confound  themfelves  with  the  rife 
'and  fall  iti  the  prices  of  all  other  articles  to  which  the  ftandard  is  thus  applied.  If  a 
tlicaper  trfetal  were  to  be  adopted  by  the  State,  and  gold  were  left  to  circulate  at  the  elec- 
tion of  individuals,  the  changes  bf  price  in  this  metal  of  high  value  would  operate  fo  as 
to  produce  an  uncertainty  in  the  amount  of  large  fums,  and  greatly  difturb  the  general 
tranfa6lions  of  commerce.  Merchants  would  therefore  confider  the  gold  coinage  as  mere 
bullion,  and  the  iiommunity  would  in  a  great  meafure  be  deprived  of  its  ufe  as  a  coin  ;  as 
is  aftUally  thecife  in  Holland  and  other  countries  where  fiiver  is  the  legal  medium*.  Hence 
it  ippeafs  moft  eligible,  that  gold  in  pieces  of  determinate  weight  and  finenefs  (hould  con- 
ftitute  the  efFeflive  coin  of  the  State,  or  legal  tender  of  payment ;  that  fiiver  and  copper 
flioliWbe  formey  into  money  for  the  purpofe  of  reprefenting  fraftions  of  the  fmallcft  gold 
cbih  \  and  that  the  creditor  or  feller  (hould  have  the  option  to  refufe  all  payments  in  thefe 
la.ft  metals  for  any  fum  exceeding  the  fmalleft  unity  of  the  gold  coin. 

By  this  diftribution,  though  the  coins  of  fiiver  and  copper  would  in  flriftnefs  be  fubje^l 

to  fluftuations.  arifing  from  the  ftate  of  the  market  with  regard  to  thofe  metals,  yet  the  dif- 

*  '    ■  ■■.■•■•..•. 

'  •  A  ftill  more  dcfed^ivc  fchemc  was  propofcd  in  the  Report  prcfcnt^d  by  Pricur,  dc  la  Cd:c-d*Or/  from  a  Obm- 
mittce^Df  the  Council  of  Five  Hundred,  of  which  a  very  full  abftrafl  is  given  in  the  Moniteurs  of  6  and  7  Floreal 
in  the  "year  Vl.  Nos.  116,  a  17.  It  is,  that  filvcr  coin  (hould  be  unchangeable  in  weight  and  denomination  of 
value;  but  that  the  price  of  gold  (alfo  coined)  (hould  be  fettled  every  fix  months  by  a  declaration  from  tfaeNit- 
iSonal  Treafury,  deduced  from  the  medium  price  of  that  metal  durihg  the  preceding  half-year.  »It  was  reje^* 
ed  by  the  Council  of  Ancients, 
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fcrcncc  would  be  difregarded  ifa  the  difch^rge  of  accounts,  bccaufe  it  could  never  amobnt 
to  a  fum  of  any  importance.     The  only  inconvenience  which  offers  itfelf  under  fuch  in, 
arrangement  is,  that  thefe  fubo^dinate  coins  would  alfo  be  melted  and  fold  when-the  metal 
was  dear,  or  they  would  be  fabricated  if  the  metal  ev^r  happened  to  be  fo  cheap  as  to  afford 
an  adequate  motive  of  profit  to  the  illegal  coiner.     The  State,  in  its  deliberatioo^.on  tbi^ 
fubjeft,  might  determine  that  the  coins  of  filver  and  copper- fliould    pafs  either  for  lefs 
tlian  the  medium  market  price  of  the  metal,  or  for  more,  or  for  that  value  precifely.     It  is 
evident  that  the  fird  of  thefe  difpofitions  v/ould  afford  coin  which  would  continually -vamlh 
in  the  melting-pot,  and  is  therefore  altogether  unadvifable.     The  mediun>  rate  of  intrinfi^ 
value  would  produce  a  fimilar  effe£i  whenever  the  market  prtce  was  low.     Whence  it  folr 
lows,  that  the  metal  contained  in  fuch  auxiliary  money  ought  to  be  ofrlefs  value  than.tli*? 
gold  it  reprefents  ;  and  to  prevent  the  introduftion  of  a  fimilar  coinage  from  private  manij^r 
fafturers,  it  would  be  neceffary  that  the  difference  between  the  value  of  the  metal  .and. that 
reprefented   by  the  coin  (hould  be  fomewhat  lefs  than  the  coft  of  workmanfliip.     Undey 
thefe  circumftances  the  public  would  be  fupplied  wich  an  ufeful  implement  or  picket  of 
exchange,  which  would  operate  as  a  pledge  of  value,  very  nearly  to  the  amount  of  its  de- 
nomination, and  would  be  afforded  cheaper  from  the  extenfive  manufaftorics  of  govern- 
ment than  it  could  poffibly  be  made  by  private  workmen. 

Coin,  like  every  other  ucenfil  or  tool,  is  fubje£l  to  wear,  and  will  in  procefs  of  time  be 
more  or  lefs  deprived  of  its  di(lin£live  figure,  and  rendered  lefs  valuable  by  the  lofs  of 
weight.  When  new,  it  is  the  real  pledge  or  meafure  it  prefe.ids  to  be  ;  but,  if  it  be  fuffered 
to  circulate  after  its  weight  is  confiderably  diminiflied,  it  may  become  a  dcfirable  object  to 
the  coiner  to  fabricate  pieces  apparently  in  the  worn  flate,  or  otherwife  he  may  exercifc 
his  induftry  in  fpeedily  reducing  the  new  coin  to  that  flate,  for  the  fake  of  the  precious 
metal  he  may  thus  acquire. 

If,  on  the  contrary,  the  Legiflature  (hould  forbid  the  currency  of  pieces  worn  beyond  a 
certain  fmall  or  moderate  lofs,  the  confequence  will  be,  that  all  fuch  pieces  will  return  to 
the  Mint  to  be  recolned  ;  and  the  charge  of  coinage  may  become  fo  heavy  as  to  abforb  a 
confiderable  part  of  the  value  of  the  whole  circulating  medium  in  the  courfe  of  a  few 
years. 

To  diminiQi  this  laft  inconvenience  as  much  as  poflible,  it  becomes  neceffary  to  attend 
to  the  nature  of  the  metal  as  well  as  to  the  figure  of  the  piece.  Whether  the  Dutch  ducat, 
of  fine  gold,  or  the  EngHfli  guinea,  of  twenty-two  carats,  may,  under  like  circumftances,  be 
mod  difpofed  to  lofe  by  wear,  has  not  I  believe  been  determined  -,  but  it  feems  to  b,e  ge* 
nerally  underflood,  that  our  flandard  gold  in  watch-cafes  and  other  trinkets  is  lefs  durable 
than  the  coarfer  and  harder  gold  allowed  to  be  wrought  in  France  and  Geneva.  If  this 
be  true,  it  (hould  feem  as  if  there  exiffed  no  motive  for  raifing  the  flandard  of  our  gold, 
and  perhaps  the  fame  argument  may  apply  ftill  more  to  our  filver  :  and  the  advantage,  if 
any,  in  lowerinpr  the  flandard  without  diminifhing  the  intrinfic  value,  has  not  yet  been 
(hewn  with  fufhcient  evidence  to  juftify  the  offence  againil  eftablifhed  uTc  and  public  pre- 
judice which  fuch  a  proceeding  might  afford.  Admitting  thefe  obfcrvatlons  to  be  con«^ 
clufive  againft  altering  the  flandard,  it  would  follow,  that  the  greater  durability  of  coin 
jnuft  be  fought  for  in  ^ts  figure. 
Let  us  imagine  a  coin  to  poffefs  the  figure  of  an  equilateral  triangle  ^  let  it  be  thin,  in 
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order  that  it  may  prefcnt  a  large  furface;  let  its  edges  have  the  figure  of  a  faw,  and  its  facf  i 
that  of  a  file.  Under  thefe  conditions  we  (hould  fabricate  one  of  the  word  or  lead  durable 
coins  that  eou4d  be  chofen.  For  the  angles  would  be  eafily  broken  and  worn,  and  the  ec^es 
and  faces  wculd  mutually  operate  on  each  other,  with  a  degree  of  rapidity  whichi  it  may  be 
concluded,  would  very  foon  take  away  all  the  (harp  prominences,  and  greatly  diminifh^he 
weight.  On  the  other  hand,  let  us  fappofe  the  lead  pofTible  furface,  and  we  0iall  obtain 
the  fpherical  figure  *•  Agamft  this  it  appears  to  be  an  objedion,  that  if  it  be  nearly  per- 
(c&f  the  impreffions  diftindive  of  its  purity  and  denomination  mud  be  indented,  and  will 
fiot  therefore  fufficientty  limit  its  apparent  magnitude  ^  and  if  they  be  piominent  it  will 
no  longer  be  a  fpherci  but  a  figure  prefenting  fharp  angular  parts  with  fmall  bearings  very 
(iable  to  dedradion.— What  then  is  the  figure  which  diall  partake  fo  much  of  the  plane, 
a^  to  prefent  furfaces  of  broad  contad  or  bearing,  and  afibrd  the  lead  quantity  of  angular 
fironiinence?  It  is  evidently  the  cylinder:  and  this  is  the  figure  mod  generally  adopted  for 
money.  The  edge  of  the  cylinder  affords  the  fmalled  bearing.  It  mud  therefore  be  very 
fiiort  or  flat,  in  order  that  the  weight  of  the  piece  may  be  difpofed  to  red  on  the  bafe>  and 
not  on  the  edge. 

If  the  wliolc  furface  of  a  piece  of  metal  were  covered  with  figures  or  impreffions,  it 
would  be  immediately  feen  whether  any  part  had  been  abraded  by  accident  or  defign.  I£ 
the  imprefSons  were  concave,  they  might  eafily  be  renewed  by  the  punch  or  the  graver  i 
but  if  they  were  in  relief,  it  would  be  almod  impoffible  to  redore  them  when  once  worn 
or  obliterated.  For  this  reafon,  the  preference  in  coinage  has  modly  been  given  to  figures 
in  relief. 

it  is  however  a  very  ferious  inconvenience,  that  when  the  didindive  marks  are  thus  ren* 
dered  prominent,  the  face  of  the  coin  no  longer  fuftains  the  preffure  and  wear  of  the  piece ; 
but  the  marks  themfelves  are  made  to  fupport  the  whole.  Thus,  in  our  gold  money,  par- 
ticularly of  the  lad  recoinage,  the  edge  is  ^  faw,  and  the  numerous,  minute  prominencies 
on  ttie  face  t^nftitute  a  file,  the  operations  of  both  which  are  feverely  felt  in  the  rapid 
dedrudion  of  the  piece  f. 

Hence  we  may*  obferve,  that  neither  kind  of  mark  alone  is  fuited  to  a  coin  intended  t.o 
poflefs  durability,  and  at  the  (kme  ^me  to  be  difficult  either  to  imitate  or  diminilh.     A  com 

*  The  pagoda  and  fanam  of  India  are  the  only  coins  I  recollect  which  approach  towards  tliis  figure. 

t.  To  place  this  in  a  more  driking  light,  it  may  he  ohfcrved  that  the  amount  of  gold  coined  between  the 
years  1762  and  1772,  both  inclufive,  was  8,157,203!.  15s.  6d.  and  between  1782  and  1792,  both  inclufive,  was 
79,675,666!.  X4S.  6d.  and  between  1773  and  1777,  ho^h  inclufive,  was  ig^soiySj}!.  is.  Daring  the  middle 
period  lait  mendoned  the  great  recoinage  of  gold  took  place.  I  am  aware  that  oilier  caufes  may  have  occafioncd 
a  demand  for  coin  befides  the  mere  wear  of  the  old  pieces,  and  that  the  increafeof  commerce  and  roanufs^res 
has  m  h£t  produced  fuch  a  demand ;  but  as  this  !aft  event  (diilinguifhable  by  its  gradual  progrefs)  docs  not  ap* 
f  ear,firom  the  numbers  in  the  account,  to  have  influenced  the  coinage  in  any  great  proportion,  I  ihall  difrfegard 
it  in  the  prefent  rough  (latemcnt.  With  this  liberty,  we  may  proceed  to  remark,  ift.  That  as  moft  of  the.old 
pieces  difappeared  during  the  middle  term  of  time,  the  number  of  nineteen,  or  fay  twenty  millions  muft  nearly  re« 
prefent  the  whole  of  our  gold  money,  ad.  That  the  national  lofs  by  wear  in  the  firft  period,  when  the  gold  was 
•Id  and  fmooth,  reckoned  at  i  per  cent,  on  tlie  fum  recoined,  was  3708  1.  per  annum  ;  and  in  the  latter  period 
1943!.  per  annum:  and  3d.  That  the  whole  national  (lock  of  gold  coin,  under  the  regulations  and  figure  of 
the  laft  period,  wears  out  and  is  recoined  every  eleven  'years.  The  account  of  coinage  is  to  be  found  in  the 
Miptri  rftkc  Lordi"  Chmmit/ce  ofSfcrery,  printed  April  «8>  1797. 
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1>inat!on  of  both  methdds  is  neceflary.  If  a  coin  be  ftruck  with  indentations  of  parts  (few 
preflfed  beneath  the  common  furface,  and  in  thefe  there  be  prominemobjefh  or  defigns,  ntit 
more  elevated  than  that  fiiffacci  the  general  advantage,  with  regard  to  wear^  will  approach 
towards  that  of  the  plain  fur&ce  itfel^  and  the  impreffion  will  be  atleaft  as  difficult  to  imitatei| 
if  not  more  fo  than  that  of  a  defign  rifing  totally  above  ihe  common  ^rface  *•  Thciatc 
xopper  coinage  of  pieces  of  one  and  of  two  pennies  are  of  this  kindf , 

To  fum  up  the  foregoing  concluftons  in  a  few  words,  we  may  remark,  that,  r.  The  State 
is  unable  (from  the  natural  impradicability  of  the  thing)  to  appoint  two  diftind:  articles  of 
commerce  as  the  circulating  mediums  of  exchange.  2.  The  meafure  of  value  or  legal  tender 
ought  to  conftft  in  the  metal  which  bears  the  higljteft  price,  namely, 'gold.  3.  Coin  of  filver 
and  copper  are  require^  for  fmatler  fraftions  than  the  adlual  Aibdivifions  of  the  gold  coin,  but 
fhould  be  optional  in  the  receipt  for  any  larger  fums.  4.  Thefe  laft-mentioned  coins  ought 
to  reprefent  a  value  in  gold  equal  to  their  own  quantaty  of  metal,  at  the  higheft  (or  perhaps 
medium)  market  price  added  to  the  charge  of  fabrication.  5.  No  fufficient  reafon  has  yet 
4)een  |;iven,  to  (hew  that  the  ftandard  of  gold  coin  fhould  be  changed  in  order  to  render  it 
more  durable.  6.  The  beft  figure  of  coin  is  a  fliort  cylinder  or  flat  round  plate  ;  and  7.  The 
<li(lin6live  marks  or  imprelHons  fhould  be  made  neither  altogether  hollow  nor  altogether  in 
relief,  but  by  a  combination  of  both  forms^  fo  as  to  leave  a  flat  bearing  furface  on  each 
fide.. 


V. 

jIn  iafy  Altthgd  of  cleaning  and  bleaching  Copper^Plate  Imprejftons  or  Prints.  ExeraBed  from  a 
Letter  of  Sig.  GlO.  Pabbroni^  SubdireSfof  and  Superirttendant  of  the  Royal  Cabinet  of 
Philofophy  and  Natural  Hijlory  of  his  Royal  Highnefs  the  Grand  Duke  yfTufcany^  to  Sig^ 
D.  JL  VlGl  TaRGIONI  at  Naples  J. 
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I N  C  E  the  happy  invention  of  engraving  in  copper,  which  no  doubt  owes  its  origin  ta 
the  revival  of  the  art  of  chafing  and  ornamenting  plate,  collectors  have  availed  themfeives  of 
this  means  to  accumulate  and  preferve  copies  of  the  mofl  valuable  pidures  and  drawings^ 
This  objeft  of  refcarch  becomes  every  day  more  prevalent,  and  prints  of  the  early  and  mofl 
celebrated  matters  are  now  fought  for  with  the  utmofl  avidity. 
Ancient  prints  are  valuable,  not  only  for  their  own  intrinfic  merits,  but  as  monuments  of 

^  Few  coins  hare  been  made  of  this  figare.    The  Chinefe  coin  of  mixed  copper  called  the  ca(h  is  the  moft 
remarkable,  and  perhaps  the  only  one  of  extcnfive  circulation. 

t  Of  copper,  by  M.  Boukon,  Efq.  for  Government.  The  penny  is  rather  more  than  1.4  inch  in  diametei% 
and  about  0.13  inch  thick  at  the  edge,  and  weighs  t  oz.  avoirdypoit.  A  ciccular  part  of  the  face  on  each  fide 
^-athcr  more  than  i.i  inch  in  diameter  isdeprelTed  by  the  ftroke  of  the  dye, "in  one  of  which  is  fecn  thie  head  of 
the  King  in  relief,  and  in  the  other  a  figure  of  Britannia.  Upon  the  prominent  rim  on  one  fide  are  the  wordt 
<*  Georgiu$  III.  D.  G.  Rex,"  and  on  the  other  <*  Britannia  1 79 7"  in  funken  letters.  The  edge  or  cylindrical 
furface  is  plain.  The  two-penny  piece  refembles  th«  penny  *,  but  its  diameter  is  1.4  inch  :  funk  face  i««5  inchj 
and  weight  a  oz.  avoirdupois  wanting  zo  grains  in  the  piece  before  me»  I  fuppofe  the  average  w.eight  to 
'be  2  ounces. 

%  Tranflated  from  the  Italian.    Conununicated  by  Andrew  Duncan,  jun.  M.  D.  of  Bdinburgh,  who  re« 
ceived  it  firom  the  author.    The  original  if  infcned  in  the  Gionult  Lcttcrarie  di  Napoli,  No.  85. 
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the  blftoiy  of  the  art.  But  their  fcarcity  renders  them  filll  more  valuable.  Moft  of  thoit 
which  are  ftiil  extant  are  defaced  by  negligencci  during  the  time  of  their  remaining  fufpend* 
ed  againft  walls  expofed  to  fmoke,  vapor,  and  the  excrements  of  infect.  Collectors  of 
prints  have  not,  however,  (hewn  the  fame  partiality  as  antiquarians  for  the  patina;  but  on  the 
contrary  they  have  fought  and  pradifed  a  method  of  clearing  prints  from  thefe  impurities. 

This  method  confifts  in  fimple  wafliing  with  clear  water,  or  a  ley  made  of  the  aflies  of 
vine  (talks  or  reeds,  and  laftly  by  a  long  expofure  to  the  dew.  Aqua  fortis  is  alfo  ufed  for 
the  fame  purpofe,  but  with  a  degree  of  rifque  at  leaft  equal  to  its  advantages.  The  ley 
cii(roIves  not  only  the  impurities  but  likewife  the  oil  of  the  printing  ink,  and  either  difcharges 
it  totally,  or  leaves  a  cloudy  appearance.  The  aqua  fortis  a£ls  on  the  vegetable  fibre,  of 
which  the  paper  itfelf  is  compofed,  and  produces  a  dark  colour,  which  cannot  be  removed 
by  means  of  this  liquid,  but  by  an  a£iion  which  would  confiderably  injure  the  paper  itfel£ 

The  difcovery  of  Prieftley,  of  the  fljid  erroneoudy  named  by  him,  but  fince  known  by 
the  name  of  oxygen ;  and  the  information  we  have  obuined  from  Scheele,  of  the  effects  of  its 
combination  with  muriatic  acid,  have  led  Berthollet  to  the  ufeful  application  of  its  properties 
to  the  aft  of  bleaching  cloths,  Chaptal  to  that  of  bleaching  prints  and  books,  and  Giobert  to 
the  art  of  painting.  But  the  method  of  making  this  preparation  is  too  inconvenient  for  a 
mere  amateur  and  coUed^or  of  prints,  and  the  oxygenated  muriatic  acid  is  not  yet  to  be  pur* 
chafed  ready  prepared  in  Italy.  It  may  nor,  therefore,  be  unacceptable  to  defcribe  an  eafy 
method  of  efFedling  this  purpofe  without  the  difficulties  of  chemical  procefTes,  and  within 
the  ability  of  any  perfon  to  perform. 

It  is  known  that  oxygen  is  abundantly  contained  in  the  combinations  called  metallic  calces^, 
though  in  a  ftate  of  ina£livity  ;  and  it  is  equally  well  afcertained,.  that  thefe  fubftances  have 
a  very  (Irong  attraction  for  it.  On  the  other  band  it  is  a  faCl,  that  fome  of  the  metallic 
calces  of  very  moderate  price  are  capable  of  eafily  yielding  the  whole  or  the  greateft  pro- 
portion of  this  con(tituent  part.  MTanganefe  is  not  very  well  adapted  for  this  purpofe;  but 
minium  is  much  better.  Nothing  more  is  required  to  be  done,  but  to  provide  a  certaia 
quantity  of  the  common  muriatic  acid,  for  example,  three  ounces,  in  a  glafs  bottle,  with  st 
ground  (lopper>  of  fuch  a  capacity  that  it  may  be  only  half  full.  Half  an  ounce  of  minium- 
tnuft  then  be  added  ;  immediately  after  which  the  ftopper  is  to  be  put  in,  and  the  bottle  fef 
in  a  cold  and  dark  place.  The  heat,  which  foon  becomes  perceptible,  (hews  the  begi«ining- 
of  the  new  combination.  The  minium  abandons  the  gceateft  part  of  its  oxygen  with  which* 
the  flu  d  remains  impregnated,  at  the  fame  time  that  it  acquires  a  (ine  golden  yellow,  and 
emits  the  deteftable  fmell  of  oxygenated  muriatic  acid.  It  contains  a  fmall  portion  of 
muriate  of  lead  ;  but  this  16  not  at  all  noxious  in  the  fubfequent  procefs.  It  is  alfo  neceflary 
to  be  obferved,  that  the  bottle  muft  be  ftrong,  and  the  ftopper  not  too  (irmly  (Txed,  other- 
wife  the  a£tive  elaftic  vapor  might  burft  it.  The  method  of  uiing  this  prepared  acid  is  as. 
follows :  « 

Provide  a  fufficiently  large  plate  of  glafs,  upon  which  one  or  more  prints  may  be  (eparate-> 
ly  fpread  out.  Near  the  edges  let  there  be  raifed  a  border  of  foft.  white  wax  half  an  inch 
high,  adhering  well  to  the  glafs  and  flat  at  top.  In  this  kind  of  trough  the  print  is  to  be- 
placed  in  a  bath  of  fre(h  urine,  or  water  containing  a  fmall  quantity  of  ox  gall,  and  kept  in. 
thi«  fitiia'ion  for  three  or  four  hours.  The  fluid  is  then  to  be  decanted  oflT,  and  pure  warm- 
water  poured  on,  which  muit  be  changed  every  laxee  or  four  hours  until  it  paiTes  limpid  and 
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dear.  The  impurities  arc  fometimcs  of  a  refinaus  nature,  and  refift  the  action  of  pure 
water.  When  this  is  the  cafe  the  wafhed  print  mud  be  left  to  dry,  and  alcohol  is  then  to  oe 
poured  on  and  left  for  a  time.  After  the  print  is  thus  cleaned,  and  all  the  moifture  drained 
offj  the  muriatic  acid  prepared  with  minium  *  is  to  be  poured  on  in  fufficient  quantity  to 
cover  the  print ;  immediately  after  which  another  plate  of  glafs  is  to  be  laid  in  contact  with 
the  rim  of  wax,  in  order  to  prevent  the  inconvenient  exhalation  of  the  oxygenated  acid.  In 
this  fituation  the  yellowed  print  will  be  feen  to  recover  its  original  whitenefs  in  a  verv  ftiort 
time.  One  or  two  hours  are  fufHcient  to  produce  the  defired  efF  <3  i  but  the  print  will  re- 
ceive no  injury  if  it  be  left  in  the  acid  for  a  whole  night.  Nothing  more  is  neceffary  to  com- 
plere  the  work,  than  to  decant  off  the  remaining  acid,  and  wafti  av%ay  every  trace  of  acidity 
by  repeated  affufions  of  pure  water.  The  print  being  then  left  to  dry  (in  the  fun  if  pofliblc)^ 
will  be  found  white,  clear,  firm,  and  in  no  refpedl  damaged  either  in  the  texture  of  the  paper 
OT  the  tone  and  appearance  of  the  impreffion. 
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VI. 
On  the  Propagation  of  the  Zeira  with  the  Ap  f . 


.N  experiment  was  made  in  the  year  1773  ^^^  ^  zebra,  in  the  colleftion  of  the  late 
Lord  Clive,  the  refult  of  which,  though  of  confiderable  intered  to  the  natural  hidorian,  is  no 
where  upon  record  in  any  public  journal  or  printed  work.  A  fet  of  quedions  were  propofed 
at  the  time  of  the  event  to  Mr  Parker  J  by  Sir  Jofeph  Banks  j  which,  together  with  the 
anfwerSj  he  has  at  my  requed  permitted  me  to  make  ufe  of. 

The  zebra  was  fird  covered  by  an  Arabian  horfe.  For  this  purpofe  it  was  found  neceffary 
to  bind  her,  and  flie  diewed  great  difgud.  As  die  did  not  conceive,  an  Englidi  afs  was 
procured  ;  to  which  flie  (hewed  a  degree  of  averfion,  fcarcely  if  at  all  lefs  than  to  the  horfe, 
and  was  fubj'efled  to  him  by  the  fame  means.  The  refult  of  this  trial  not  being  more 
favourable  than  the  other,  recourfe  was  had  to  the  extraordinary  expedient  of  painting 
another  afs  fo  as  to  refemb'e  the  zebra.  Complete  fuccefs  attended  this  deception. 
When  the  animals  were  put  together,  the  zebra  at  fird  appeared  diy  ;  but  die  received  the 
embraces  of  the  painted  afs,  and  conceived.  The  offspring  was  a  fine  lar^e  male  foal, 
which  was  jud  turned  of  fix  months  old  at  the  time  of  enquiry,  namely,  December  1773.  It 
refembled  both  parents ;  the  father  as  to  make,  and  the  mother  as  to  colour  ;  but  the  colour 
was  notfo  drong,  and  the  dripes  on  the  ftioulders  were  more  confpicuous  than  on  any  other 
part.  In  anfwer  to  a  quedion  direfted  to  that  objeft,  the  relator  dates  it  as  his  opinion,- 
that  it  would  very  probably  propagate  its  fpecies,  as  it  did  not  appear  at  all  like  a  mu.e. 

In  thccourfe  of  the  year  after  this  information  was  received,  his  lorddiip  died  fuddenly,  and 

*  As  I  have  not  repeated  this  proccfs,  I  cannot  eftimate  how  far  the  prcfencc  of  the  lead  may  weaken  the 
corrofive  a£tion  of  il^  acid  onthe  papery  but  I  (hould  be  difpofcd  to  recommend  a  previous  dilution  of  thc'^acid 
with  water.  Whoever  ufes  this  procefs  will  of  eourfe  make  hioifclf  mailer  of  the  proportion  of  water  re- 
quired to  dilute  the  acid,  by  making  his  firft  trials  with  an  old  print  of  no  vaflue.     N. 

-f  Communicated  by  the  ^.ight  Hon.  Sir  Jofeph  Banks,  Bart.  K.  B.  P.  R.  S.  &:c.  &c. 

}  He  was  either  Steward  or  in  fome  other  confidential  employ  to  Lord  Clive* 
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llie  coIleAlotr  ofaAimals  was  difpofed  of.  Sir  Jofeph  Banks  was  then  abfetit  from  town;  ani 
irpon  his  return  be  was  prevented,  by  this  circutnftancc,  either  from  purchafing  the  animals 
or  acGuiring  any  further  information  refpcding  the  foal.  I  have  lately  endeavoured  to  obtain 
fome  intelligence  on  this  behalf  among  the  dealers  in  animals,  but  hitherto  without  fuccefs. 


VIL 

On  the  Procefs  of  BUnching  with  the  Oxygenated  Muriatic  Axid  \  and  a  Defcription  of  a  new 
Apparatus  for  Bleaching  Cloths  with  that  Acid  dijfolvcd  in  Water  without  the  Addition  of 

Alkali.    By  TheDphilus  Lewis  Rupp^. 

X  HE  arts  which  fupply  the  luxijrics,  conveniences  and  neceflaries pf  life  have  derived 
but  little  advantage  from  philofophers.     A  view  of  tlie  hiftory  of  arts  will-evince  the  jufticc- 
ef  this  obfervation.     In  mechanics,  for  infiance,  we  find  that  the  moft  important  inventions 
'  and  improvements  have  been  msKle,  not  through  the  reafonings  of  phiIofophers,J)ut  through . 
the  ingenuity  of  arti{la>  and  not  unfrequently  by  common  workmen*     The  chemift  inparti-^ 
eular,  if  we  except  the  pharmaceutical  laboratory,  has  but  little  claim  on  the  arts  :  on  the 
contrary,  he  is  indebted  to  them  for  the  grcatefl  difcovcries,  and  a  prodigious  number  of  fafts,.- 
which  form  the  bafis  of  his  fcience.    In  the  difcovery  of  the  art  of  making  bread^.of  the 
vinous  and  acetous  fermentations,  of  tanning,  of  working  ores  and  metals,  of  making  glafs 
and  foap,of  the  a£llon  and  applications  of  manures,  and  in  numberlefs  other  difcoveries  of- 
the  higheft  importance,  though  they  are  all  chemical  procefies^  the  chemift  haa  ^no  {hare» 
But  no  branch  of  the  ufeful  aits  is  left  indebted  to  him  than  that  of  changing  the  colours  of/ 
fubdances.    The  art  of' dyeing  has  attained  a  high  degree  of  perfection  without  the  aid  of 
t^e  chemift,  who  is  totally  ignorant  of  the  rationale  of  many  of  its  procefles^  and  the  little  he 
knows  of  thisfubje£t'is  of  a  late  date.-  The  procefs  of  dyeing  the  Turkey  red  has  been  known 
and  pra6lifed  from  time  immemorial  by  the  moft  uncultivated  nations^  but  its  theory  is  not* 
yet  underftood  by  philofophers.    The  manufa&ure  of  indigo  and  its  ap|rficatien  have  been.^ 
long  known  to  the  planter  and  the  dyer  ;  but  it  is  not  more  than  ten  years  fince  a  true  theor^^' 
of  them  has  been  formed.     The  art  of  printing  or  topical  dyeing  is  of  the  greateft  antiquity  i 
but  the  theory  of  this  procefs,  and  of  adjeflive  colours  in  plain  dyeing,  was  unknown  till  ^ 
Mr.  Henry  developed  it  in  the  Meinoirs  of  this  Society  f.    The  bleaching  or. whitening  of 
Yegetable  fubftances  haabeen  l6ng  pradiifed ;  but  the  knowledge  of  its  theory  could  not  be  ■ 
antecedentto  the  aora  of  pneumatic  chemiftry.    We  might  even  at  this  moment  have  beea« 
unacquainted  with  the  caule  of  the  deftruclion  of  the  colouring  matter  of  vegetable  fub-^ 
ftances,.  if  the  difcovery  of  the  oxygenated  muriatic  acid,  and  its  effe£b  on  colouring^. 
matter,  had  not  pointed  it  out  to  us*  For  this  difcovery,  and  its  ineftimable  advantages)  the 
arts  are  indebted  to  the  jufily  celebrated  Scheele ;  and  I.  am  happy  to  pay  this  tribute  ta 
chemiftry  after  the  mortifying  truths  which  I  have  ftated  above. 

M.  Berthollet  loft  no  time  in*  applying  the  properties  of  this  curious  and  higjhly  intereft« 
ing  fubftance  to  the  moft  important  pra£Hcal  ufes.    His  experiments  on  bleaching  with  the  ' 
•xygcnated  muriatic  acid  proved  completely  fucccfsful^  and  he  did  not  delay  to  communis 

•  Manchefter  Memoirs,.  voL  v,,part  L  X  Manchcftcr  Memoirs,  vol.  iii. 
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cite  his  valuable  labours  to  the  public.    The  new  method  of  bleaching  was  qukkljr  anil 
fiiccefsfuHy  introduced  into  the  manofaflures  of  Manchefter,    Glafgow,  Rouen,  Valen* 
ciennesy  and  Courtray ;    and  it  has  fince  been  generally  adopted  in  Great  Britain,  Ireland, 
France,  and  Germany.    The  advantages  which  refult  from  this  method,  which  accelerates 
the  procefs  of  whitening  cottons,  linens,  paper,  &c.  to  a  really  furprifing  degree  in  every 
feafon  of  the  year,  can  be  juftly  appreciated  by  commercial  people  only,  who  experience  its 
beneficial  effefts  in  many  ways,  but  particularly  in  the  quick  circulation  ^f  their  capitals. 
Great  difficulties  for  a  time  impeded  its  progrefs,  arifmg  chiefly  from  prejudice  and  the 
ignorance  of  bleachers  in  chemical  proceflTes.     Thcfe  obftacles  were,  however,  foon  removed 
by  Mr.  Watt  at  Glafgow,  and  by  Mr^  Henry  and  Mr.  Cooper  at  Maiichefter.     Another 
d4fEculty  prefented  itfelf,  which  had  nearly  proved  fatal  to  the  fucccfs  of  the  operation.   This 
vs^as  the  want  of  a  proper  apparatus,  not  for  making  the  acid  and  combining  it  with  water 
(for  this  had  been  fupplicd  in  a  very  ingenious  manner  by  Mr.  Watt  and  Mr.  Berthollet  *), 
but  for  the  purpofe  of  immerfihg  and  bleaching  goods  in  the  liquor.    The  volatility  of  this 
acid,  and  its  fufFocating  vapours,  prevented  its  application  in  the  way  commonly  ufed  indye- 
houfes.     Large  cifterns  were  therefore  conftrudled,  Jn  which  pieces  of  fluff  were  ftratified  i 
and  the  liquor  being  poured  on  them,  the  cifterns  were  clofed  with  lids.     But  this  method 
was  foon  found  to  be  defefkivcj  as  the  liqtjor  could  rtot  be  equally  diffufed  ;  the  pieces  were 
therefore  only  partially  bleached,. being  white  in  fome  parts  and  mor?  or  lefs  coloured  in 
others.     Various  other  contrivances  vvere  tried  without  fuccefs,  till  it  was  difcovered  that 
an  addition  of  alkali  to  the  liquor  deprived  it  of  its  fuffocating  effeds  without  deftroying  its 
bleaching  powers.    The  procefs  began  then  to  be  carried  on  in  open  vefTcIs,  and  has  been 
continued  in  this  manner  to  the  prefent  period.  <  The  bleacher  is  now  able  to  workJiis 
pieces  in  the  liquor,  and  to  expofe  every  part  of  them  to  its  a£tion  without  inconvenience. 
This  advantage  is  unqueftionably  great ;  but  it  is  diminiihed  by  the  heavy  cxpence  of  the 
alkali,  which  is  entirely  loft:     It  is  moreover  to  be  feared,  that  the  alkali  which  is  added  to 
the  liquor,  though  it  does  not  deftroy  its  power  of  bleaching,  may  diminifh  it ;  becaufe  a 
(blutionof  the  oxygenated  muriat  of  pota{h>  which  differs  from  the  alkaline  bleaching  liquor 
in  nothing  but  in  the  proportion  of  alkali^  will  not  bleach  at- all.   This  is  a  well-known  fa<fl ; 
from  which  we  might  infer,  that  the  oxygenated  muriatic  acid  will  lofe  its  power  of  dellroying 
the  colouring  matter  of  vegetable  fubftances  in  proportion  as  it  becomes  neutralized  by  an 

♦  M.  BerthoIUf s  appfratus,  however,  is  too  complex  for  the  ufe  of  a  manufa^lory  j  Mr.  Watt's  is  better ; 
bttt  a  range  of  four,  five  or  fix  hogih^ads  or  mm  puncheons  connc6ted  with  one  auotiier  in  the  manner  of  . 
Woulfe's  diililling  apparatuses  preferable  to  either  of  them.  Agitators  on  M.  Berthollet's  principle  may  be 
applied.  The  retort  or  matraf»  ihould  be  of  Jead,  flanding  in  a  water  bath  ;  its  neck  ihould  be  of  fufHcicnt 
length  tacondenfe  the  common  muriatic- acid^  which  always  comes  over;  and  it  fhould  form  an  inclination  to- 
wards the  body  of  the  retort,  fo  that  the  condenfed  acid  may  return  into  it.  I  beg  leave  to  ohfcrve  here,  that 
I  always  found  the  liquor  to.be  Arongefl  when  the  diftillation  was  carried  on  very  (lowly.  I  have  aifo  found 
that  the  flrength  of  the  liquor  is  much  increafed  by  diluting  the  vitciolic  acid  more  than  is  ufually  done.  The 
following  proportions  afforded  the  ftcongeft  liquor  r 

Three  parts  manganefej 
Eight  parts  common  ialtw  , 
Six  parts  oil  of  vitriol.  . 
Twelve  parts  water. 
The  proportion  of  manganele  is  fubje^  xovariation  according  to  its^ualitfi^ 
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alkali.  But  as  we  (bould  not  content  ourfelves  with  inferences,  however  plaufible,  whm  tha 
truth  may  be  eftabli(hed  by  experiment,  and  as  I  thought  the  mauer  of  fuiBcicnt  importance, 
I  made  the  following  experiments  on  the  fubje£k  : 

I  beg  leave  to  premife,  that  in  all  thefe  experiments  I  made  ufe  of  one  and  the  fame  acid, 
which  was  kept  in  a  battle  with  a  gr4)und  glafs  ftoppcr,  anJ  fecurcd  from  the  influence  of 
light.  The  manner  in  whrch  I  made  the  experlmenls  was  fimply  this:  I  weighed  firft  of 
all  a  bottle  filUcLwith  the  colouring  fubftance  which  I  mcaiu  to  employ:  I  then  weighed  in 
a  large  and  perfeflly  colourlcfs  bottle  half  an  ounce  of  the  acid,  to  which  I  immediately,  but 
very  gradually,  added  of  the  colouring  fubftance  contained  in  the  former  bottle  till  the  acid 
ceafed  to  dcftroy  any  more  of  its  colour.  The  bottle  with  the  colouring  fubftance  was  then 
weighed  again,  and  the  difference  between  its  prefent  and  original  weight  was  noted.  The 
fame  method  was  obfervcd  in  all  the  experiments. 

Experiment  I.  To  half  an  ounce  of  oxygenated  muriatic  acid  I  added  a  folution  of  indigo 
in  acetous  acid  ♦,  drop  by  drop,  till  the  oxygenated  acid  ceafed  to  dcftroy  any  more  colour. 
It  deftroyed  the  colour  of  160  grains  of  the  acetite  of  indigo. 

Experiment  II.  A  repetition  of  Experiment  I.  The  colour  of  165  grains  of  acetite  of 
indigo  was  deftroyed  in  this  experiment. 

Experiment  III.  A  repetition  of  Experiments  I  and  II.  The  colour  of  160  grains  of  the 
acetite  was  deflr  )yed. 

Experiment  IV.  To  half  an  ounce  of  the  oxygenated,  muriatic  acid  were  added  8  drops  of 
pure  potafti  in  a  liquid  ftate.  Tnis  quantity  of  alkali  was  about  fufficient  to  deprive  the 
acid  of  its  noxious  odour.  This  mixture  deftroyed  the  colour  of  150  grains  of  the  acetite 
of  indigo. 

Experiment  V.  A  repetition  of  Experiment  IV.  The  colour  of  145  grains  of  the  acetite 
was  deftroyed. 

Experiment  VI.  To  half  an  ounce  of  the  oxygenated  muriatic  acid,  10  drops  of  the  fame 
alkali  were  added.     It  deftroyed  the  colour  of  1 25  grains  of  the  acetite  of  indigo. 

Experiment  VII.  A  mixture  of  half  an  ounce  of  the  oxygenated  acid,  and  15  drops  of  the 
alkali^  deftroyed  the  colour  of  120  grains  of  the  acetite  of  indigo. 

Though  I  had  taken  the  precaution  of  avoiding  the  fulphuric  acid  for  the  reafon  ftated  in 
the  foregoing  note,  I  was  not  quite  fatisfied  with  thefe  experiments,  on  account  of  errors 
which  might  have  taken  place  through  a  double  affinity.  I  therefore  made  the  following 
experiments,  in  which  I  employed  a  deco£tion  of  cochineal  in  water  inftead  of  the  acetite  of 
indigo. 

Experiment  VIII.  To  half  an  ounce  of  the  oxygenated  muriatic  acid,  a  deco£lion  of 
cochi:  eal  was  added  till  the  acid  ceafed  to  a£l  on  its  colour.     It  deftroyed  the  colour  of  390 
grains  of  the  deco£^ion. 

*  It  has  been  ufual  to  cftimate  tbc  (Irength  of  the  oxygenated  muriatic  acid  by  a  folution  of  indigo  in  ful- 
phuric acid.  This  method  was  inadmilfiblc  in  thefe  experiments  on  the  comparative  llrength  of  the  bleacning 
liquor  with  and  without  alkali ;  becaufe  the  fulphuric  acid  would  have  decompofed  the  muriat  of  potalh,  and 
thereby  produced  errois.  I  therefore  added  to  a  foluiion  of  indigo  in  fulphuric  acid  after  it  had  been  diluted 
in  water,  acetite  of  lead,  till  the  fulphuric  acid  was  precipitated  with  the  lead.  The  indigo  remained  dilTolvcd 
in  the  acetous  acid. 

Experiment  IX. 
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Bxpfrinteni  IX.  A  repetition  of  Experiment  VIIL  The  colour  of  385  grains  of  the  dc« 
co£tion  was  deftroyed  in  this  experiment. 

Experiment  X.  To  half  an  ounce  of  the  acid  fix  drops  of  the  liquid  alkali  were  added* 
This  mixture  deftroyed  the  colour  of  315  grains  of  the  decoAion. 

Experiment  XI.  Eight  drops  of  the  alkali  were  mixed  with  half  an  ounce  of  the  acid. 
This  mixture  deftroyed  the  colour  of  305  grains  of  the  decofkion. 

On  a  comparative  view  of  the  refulcs  of  thefe  experiments,  it  will  appear  that  an  addition 
of  potaih  to  the  bleaching  liquor  impairs  its  ftrength  confiderably.  This  diminution  of  power 
and  the  expence  of  potafli  are  a  ferious  lofs  in  an  extenfive  manufacture.  It  would  there- 
fore be  defirable  to  have  an  apparatus  for  the  ufe  of  the  pure  oxygenated  muriatic  acid  fimply 
diilblved  in  water,  which  is  at  once  the  cheapeft  and  beft  vehicle  for  it.  '  This  apparatus  muft 
be  fimple  in  its  conftrudlion,  and  obtained  at  a  moderate  expence  ;  it  muft  confine  the 
liquor  in  fuch  a  manner  as  to  prevent  the  efcape  of  the  oxygenated  muriatic  acid  gas,  wbicb 
is  not  only  a  lofs  of  power,  bat  alfo  an  inconvenience  to  the  workmen  and  dangerous  to  their 
health;  and  it  muft  at  the  fame  time  be  fo  contrived,  that  every  part  of  the  ftufF  which  is 
confined  in  it  (hall  certainly  and  neceffarily  be  expofed  to  the  a£kion  of  the  liquor  in  regular 
fuccei&on.  Having  invented  an  apparatus  capable  of  fulftlling  all  thefe  conditions,  I  have 
the  pleafure  of  fubmitting  a  description  of  it  to  the  Society  by  means  of  the  annexed  drawing* 

Explanation  of  Plate  XI. 

Fig.  I,  is  a  fe£lion  of  the  apparatus*  It  confifts  of  an  oblong  deal  clfterp,  ABCD^ 
made  water-tight.  A  rib,  E  E,  of  afli  or  beech  wood,  is  firmly  fixed  to  the  middle  of  the 
bottom  CD,  being  mortifed  into  the  ends  of  the  ciftern.  This  rib  is  provided  with  holes 
at  FF,  in  which  two  perpendicular  axes  are  to  turn.  The  lid,  A  B>  has  a  rim  G  G  which 
fmks  and  fits  into  the  ciftern.  Two  tubes  H  H  are  fixed  in  the  lid,  their  centres  being 
perpendicular  over  the  centres  of  the  fockets  F,  F,  when  the  lid  is  upon  the  ciftern.  At  I, 
is  a  tube  by  which  the  liquor  is  introduced  into  the  apparatus.  As  it  is  neceflary  that  the 
fpace  within  the  rim  G  G  be  air-trght,  its  joints  to  the  lid  and  the  joints  of  the  tubes  muft  be 
very  clofe,  and,  if  neceflary,  fecurcd  with  pitch.  Two  perpendicular  axes,  K,  L,  made  of  afli 
or  beech  wood,  pafs  through  the  tubes  H,  H,  and  reft  in  the  fockets,  F,  F.  A  piece  of  ftrong 
canvas,  M,  is  fewed  very  tight  round  the  axis  K,  one  end  of  it  projefting  from  the  axis.. 
The  other  axis  is  provided  with  a  fimilar  piece  of  canvas.  N,  are  pieces  of  cloth  rolled  upon 
the  axis  L.  Two  plain  pulleys,  (),  O,  are  fixed  to  the  axes  in  order  to  prevent  the  cloth  from 
flipping  down.  The  (hafts  are  turned  by  a  moveable  handle  P.  Q^,  a  moveable  pulley, 
round  which  pafles  the  cord  R.  This  cord,  which  is  faftcned  on  the  oppofite  fide  of  the  lid' 
(fee  fig.  2)  and  paflfes  over  the  fmall  pulley  S,  produces  friftion  by  means  of  the  weight  T^ 
By  the  fpigot  and  fauflct  V,  the  liquor  is  let  off  when  exhaufted.. 

Fig.  2.  A  plan  of  the  apparatus  with  the  lid  taken  oflT. 

The  Manner  of  ufing  the  Apparatus^ 

The  dimenfions  of  this  apparatus  are  calculated  for  the  purpofe  of  bleaching  twelve  or 
fifteen  pieces  of  4-4  calicoes,  or  any  other  ftufFs  of  equal  breadth  and.fubftance.  When  the 
goods  are  ready  for  bleaching,  the  axis  L  is  placed  on  a  frame  in  a.  horizontal  pofition^  and 
one  of  the  pieces  N  being  faftened  to  the  canvas  M,  by  means  of  wooden  flcewers  in  the  man-^ 
OCT  repreiiented  in  fig.  i,  it  is  rolled  upon  the  axis  by  turning  it  with  the  handle  P.    This. 

6  operation 
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operation  muft  be  porformed  by  two.  perfons ;  the  one  turning  "^^  axis,  andtht  odier 
direfking  the  piece,  which  muft  be  roUed  on  very  tight  and  very  even.  When  the  firft 
piece  }s  on  the  axis,  tb^  next  piece  is  faflened  to  the  end  of  ^it  by  Ikewers,  and  wound  on 
in  the  fame  manper  as  the  firft.  Theiame  method4s  pnrfued  tillvall  the  pieces  are  wound 
upon  the  axis.  The  end  of  the  laft  piece  is  then  faftened  to  the  canvas  of  the  axis  K.  Both 
axes  are  afterwards  placed  into  theciftern  with  their  ends  in  the^fockets  F,F,  and  the  lid  is 
put  on  the  ciftem  by  paffingjthe  axes  through*the  tubes  H,  H.  The  handle  P  is  put  upon 
the  erhpty  axis,  and  the  pulley  Q^upon  the  axis  on  which  the  cloth  is  rolled  ;  and  the  cord  R 
with  the  weight  T  is  put  round  it,* and  over  the^pulleyS.  The  ufc  of  the  friftion  produced 
by  this  weight  is  to  make  the  cloth  wind  tight  upon  the  other  axis.  But  as  the  efFe£l  of  the 
weight  will  increafe  as  one<:ylinder  increafes  and  the  other  leflTens,  I  recommend  that  three 
or  four  weights  be  ^^fufpended  on  the  cord,  which  may  be  taken  ofF  gradually  as  the  perfoii 
who  works  the  machine  may.fiftd  it  convenient.  As  the  weights  hang  in  open  hooks  whic^ 
jare  faOened  to  the  cord,  it  will  be  little  or  no  trouble  to  put  them  on  and  to  remove  them. 

Things  being  thus  difpofed,  the  bleaching  liquor  is  to  be  transferred  from  the  veflels  in 
which  it  has  been  prepared  into  the  apparatus,  by  a  moveable  tube  paifing  through  the  tube 
I,  and  defcendmg  to  the  bottom  of  the  ciftern.  This  tube  being  conneded  urith  the  vefTels 
.by  means  of  leaden  or  wooden  pipes  provided  with  cocks,  hardly  any  vapours  willefcape  in 
the  transfer.  When  the  apparatus  is  filled  up  to  the  line«,  the  moveable  tube  is  to  be  with- 
drawn, and  the  tube  I  clpfed.  As  the  liquor  rifes  above  the  edge  of  the  rim  G,  and  above 
\the  tubes  H,H,  it  is  evident  that  no  evaporation  can  take  place  except  where  the  rim  does  not 
apply  dofely  to  the  fides  of^e  box :  which  will,  however,  form  1  very  trifling  furface  if  the 
carpenter's  work  be  decently  done.  The  cloth  is  now  to  be  wound  from  the  axis  L  upon 
the  axis  K,  by  turning  this ;  and  when  this  is  accompliflied,  the  handle  P  and  pulley  Q.are  to 
be  changed,  and  the  cloth  is  to  be  wound  back  upon  the  axis  L.  This  operation  is  of  cour(c 
to  be  repeated  as  often  as  neceflary.  It  is  plain,  that  by  this  procefs  of  winding  the  cloth 
from  one  axis  upon  the  other,  every  part  of  it  is  expofed  in  the  moft  complete  manner  to  die 
a£l:ion  of  the  liquor  in  which  it  is  immerfed.  It  will  be  neceflary  to  turn  at  firft  very  brifldy, 
not  only  becaufe  the  liquor  is  then  the  ftrongeft,  but  alfo,  becaufe  it  requires  a  number 
of  revolutions,  when  the  axis  is  bare,  to  move  a  certain  length  of  cloth  in  a  given  time, 
though  this  may  be  performed  by  a  fmgle  revolution  when  the  axis  is  filled.  Experience 
tnuft  teach  how  long  the  goods  are  to  be  worked  *,  nor  can  any  rule  be  given  refpe£iing  the 
quantity  and  ftrength  of  the  liquor  in  order  to  bleach  a  certain  number  of  pieces.  An  in« 
•telligent  workman  will  foon  attain  fufEcient  knowledge  of  thefe  points.  It  is  hardly  necet 
fary  (o  obferVe,  that  if  the  liquor  fliould  retain  any  ftrength  after  a  fet  of  pieces  are  bleached 
with  k,  it  may  again  be  employed  for  another  fet. 

With  a  few  alterations,  this  apparatus  might  be  made  applicable  to  the  bleaching  of  yarn. 
If,  for  inftance,  the  pulley  O  were  removed  from  the  end  of  the  axis  K,  and  fixed  immediately 
under  the  tube  H  j  if  it  were  perforated  in  all  dirc£lions,  and  tapes  or  ftrings  paiTed  through 
the  holes,  (kains  of  yarn  might  be  tied  to  thefe  tapes  underneath  the  pulley,  fo  as  to  hang 
down  towards  the  bottom  of  the  box.  The  apparatus  being  afterwards  filled  with  bleaching 
Kquor,  and  the  axis  turned,  the  motion  would  caufe  zvtry  thread  to  be  a£ted  upon  by  the 
liquor.  Several  axes  might  thus  be  turned  in  the  fame  box,  and,  being  conne£ted  with  each 
tOther  by  .pulleys,  they  might  all  be  worked  by  one  pcrfon  at  the  fame  time ;  and  as  all  wouli 
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ttim  thefame  way,  and  with  the  fame  ipeed,  the  flcains  could  not  ppffibly  entangle  each 
other. 

In  order  to  (hew  the  ufefulnefs  of  this  apparatus  ftill  more  clearly,  I  requeft  the  fociety 
to  attend  to  the  following  ilatement  of  the  expence  of  a  given  quantity  of  bleaching  liquori 
with  and  without  alkali,  but  of  equal  ftrength. 

JVitb  Alkali  ♦.  ^,  s.    d^ 

8olb.  of  fait,  at  i-^d.  per  lb.                     —  —                —              o  lo    o 

60  lb.  of  oil  of  vitriol,  at  6  Jd.  per  lb.            .    —  —          — ?               i   12     6 

30  lb.  of  manganefe            —          —            —  —              -^o25 

20  lb.  of  pearl-a(hes,  at  6d.  per  lb.        —         — «  —          —              0100 


2  15    o 

But  it  appears  by  the  foregoing  experiments,  that  the  liquor  lofes  (Irength 
by  an  addition  of  alkali.  The  value  of  this  lofs,  which  on  an  average  amounts 
to  15  per  cent,  muft  be  added  to  the  expence  -^       ^  .—         ..  089 


Without  Alkali. 

8olb.  offalt                —          *      —            —  —               —  010 

60  lb.  of  oil  of  vitriol        —       .—               _  —            ,^  1126 

36  lb,  of  manganefe                —              -^  —                 —  026 
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It  appears  from  this  calculation,  that  a  certain  quantity  of  the  liqubr  for  the  ufe  of  any 
apparatus^  cofts  only  2  /.  5  J. ;  but,  that  the  fame  quantity  of  the  alkaline  liquor  cofti 
3  /.  3  /.  3 1/.  which  is  40  per  cent,  more  than  the  other.  The  aggregate  of  fo  confiderable  a 
faving  muft  form  a  large  fum  in  the  extenfive  manufactures  of  this  country. 


VIII. 

Experimental  Refearcbes  concerning  the  Principli  of  the  lateral  Comnmnication  of  Motion  in  Fluidt 
applied  to  the  Explanation  of  wtrious  Hydraulic  Phenomena.     By  Citizen  y.  B.  FenturU 
ProfeJJor  of  Experimental  Philofophy  at  Modena^  Member  of  the  Italian  Society  of  the  Inftitute 
of  Bolognoy  the  Agrarian  Society  of  Tuririy  Wf . 

(Continued  from  Page  179  of  the  prcfcnt  Volume.) 

IPropofitton  V. 
N  an  additional  conical  tube,  the  prefTure  of  the  atmofpherc  increafes  the  expenditure  in 
the  proportion  of  the  exterior  feC^ion  of  the  tube  to  the  fe£lion  of  the  contrafled  vein,  what- 
ever may  be  the  pofition  of  the  tube,  provided  its  internal  figure  be  adapted  throughout  to 
the  lateral  communication  of  motion*  « 

We  have  feen  (Propofition  III.)  that  the  preflure  of  the  atmofphere  increafes  the  expen* 

*  I  make  no  mention  of  the  expence  attending  the  preparation  of  the  liquor,  it  being  iStkt  fame  in  both 
caiet*   ^  •  - 

Vphi  IL— iSiPT.  1 798.  N  n  diture 


\ 


t 

a  74  Exptrinunis  on  the  laterMl  Communication  of  Motion  in  FluiJs. 

diture  through  additional  tubes,  whatever  may  be  their  pofition.  We  (ball  in  the  next  place 
examine  the  mode  of  a£lion  by  which  the  atmofphere  produces  this  augmentation,  and  de- 
termine the  refult  from  its  caufe.  I  fhall  begin  with  the  cafe  beft  adapted  to  favour  the 
adion  of  the  atmofphere,  which  is,  that  of  conical  diverging  tubes  of  a  certain  form,  which 
we  have  not  yet  confidered. 

Let  the  extremity  AB,  fig.  lo,  Plate  VIII.  of  the  tube  AB  EF  be  applied  to  an  orifice 
formed  in  a  thin  plate.  The  part  ABC  D  is  nearly  of  the  figure  of  the  contrafiedvein, 
which  form  has  been  (hewn  to  make  no  perceptible  alteration  in  the  expenditure  (Experi* 
ment  IV.)  The  fluid  which  ifTues  through  C  D  is  difpofed  to  continue  its  courfe  in  the 
cylindrical  form  C  D  H  G.  But  if  the  lateral  parts  of  the  diverging  conical  tube  C  E  G, 
D  F  H,  contain  a  mafs  of  the  fluid  at  reft,  the  cylindrical  (Iream  C  D  H  G  will  commu* 
oicate  its  motion  to  the  lateral  parts  (by  Prop.  I.)  fuccef&voly  from  part  to  part.  And  pro* 
vided  the  divergence  of  the  fides  C  E,  DF,  be  fuch  as  rs  beft  adapted  to  the  fpeedy  and  com* 
ptete  lateral  communication  of  motion,  all  the  fluid  contained  in  the  truncated  cone  CDEF 
will  at  length  acquire  the  fame  velocity  as  that  of  the  ftream  which  continues  to  iiTue 
through  G  D.  On  this  fuppofition,  while  the  fluid  ftratum  CD  Q^R,  preferving  its  velocity 
tnd  thicknefs,  would  pafs  into  RQTS,  a  vacuum  would  be  formed  in  the  folid  zone: 
Rm  r  S  Q^n  o  T.  Or  otherwife,  if  it  be  fuppofed  that  the  ftratum  C  D  Q.R,  preferring  its 
progrefiive  velocity,  (hould  enfarge  in  RQ^TS,  this  cannot  happen  without  its  becoming 
thinner,  and  detaching  itfelf  from  the  ftratum  which  follows,  and  \>j_  that  means  leaving  a 
vacuum  equal  in  magnitude  to  the  zone  laft  mentioned.  A  fimilar  efied  wouldtake  place 
through  the  whole  of  the  tube  C  E;  and  if  the  quantity  C  m  be  fuppofed  to  be  invariable, 
the  fum  of  all  thefe  void  fpaces  will  be  equal  to  the  folid  zone  VExGzYFH. 

From  this  confideratibn,  we  fee  that  the  lateral  communication  of  motion  caufes  tfie  (aune 
efed  in  a  conical  tube,  whether  horizontal  or  vertical,  as  gravity  produces  in  the  defcendi 
kig  tube  of  PVopofition  IV.  The- atmofphere  in  this  ca(b  alft)  renders  parr  of  its  preflbre 
a^ve  on  the  refervoir,  and  at  E  F.  If  the  a£lion  of  the  atmofphere  upon  the  re(ervoir 
increafes  the  velocity  of  the  fe£lion  CD,  this  velocity  will  communicate  itfelf  likewifc  tp. 
the  whole  fluid  C  D  F  E,  and  the  tendency  to  a  vacuum  will  take  place  as  before ;  but 
fince  the  adion  of  the  atmofphere  is  exerted  equally  at  E  F,  it  will  take  away  at  E  F  all  the 
velocity  which  it  added  at  CD' ;  fo  that,  being  deduced  fnom  the  fame  maft,  and^  in  tbd: 
iame.time,  at  E  F,  the  fluid  will  not  ceafe  to  be  continuous  in  the  pipe:  It  is  found  hj 
computation,  that  this  will  happen  when  the  velocity  of  CD' is  increafed  in.  the  ratia.of 
CD»toEF». 

By  applying  the  general  laws  of  motion  to  the  lateral  fluid  filaments  of  the  ftream  which 
iflues  through  AB,  it  is  found  that  they  tend  to  defcribe a  curve  which  commences  withia 
the  refervoiry  for  example,  at  A,  and  continues  towards  C  S  E.  To  determinethc  natufcof 
this  curve,  it  is  requifite  to  know,  and  to  combine  together  by  calculation,  the  mutual  con-> 
vergency  of  the  fluid,  filaments  in  A  B»  the  law  of  the  lateral  communication  of  motioii 
l>etween  the  filaments  themfelVes  and  their  divergent  progreflion  from  C  to  £•  Tbeie  com«* 
binations  and  calculations  are  perhaps  beyond  the  utmoft  efforts  of  analyfis^.  While,  the 
tube  A  B  F  £  poflefles  a  different  figure  from  this  natural  curve,  the  refults  of  experiment 
vdll  alwAys  differ  more orlefe from  the  theory, 

£^ffirimcat  XIU.  The  compound  tube  A  B  F£  of  the  iame  6gr  lo^  having  the  fcdlowihg 
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diflienfions  !n  lines  A  R  =  E  F  =  i8  ;  A  C  =  1 1  ;  C  D  =  15,5  ;  C  G  =  49  ;  and  thii 
tube  being  applied  to  the  orifice  P,  fig.  i,  under  a  charge  of  32,5  inches,  the  four  cubical 
feet  of  water  were  emitted  in  27",5. 

We  have  feen  that,  in  the  third  experiment,  under  like  circumftancc?,  thb  orifice  through 
a  thin  plate  afforded  four  cubic  feet  of  water  in  41''.  The  contrafted  vein  was  0,64  of  the 
orifice.  Confequently,  by  following  the  enunciation  of  the  theorem,  the  expence  through 
the  pipe  ABF  ought  to  be  made  in  26'',24.  The  experiment  falls  (hort  in  the  quantity 
1^26. 

Experiment  XIV.  Between  the  two  conical  tubes  of  the  preceding  experiment  is  intcr- 
poifed  a  cylindrical  tube  three  inches  long  and  15,5  lines  in  diameter.  The  interpofition  of 
the  cylinder  between  the  two  cones  was  as  in  fig.  13.  This  addition  retarded  the  expendi- 
turc  i''^,  the  time  now  being  28^^,5. 
\  Experiment  XV.  The  charge  of  the  refervoir  being  conftantly  32,5  inches,  the  portion 
of  the  tube  A  B  C  D,  fig.  1 1,  had  the  fame  dimenfions  as  before ;  the  tube  C  D  F  E  was  78 
lines  in  length,  and  its  diameter  23  lines.  To  this  horizontal  tube  I  added  three  glafs  tubes; 
the  firft  DX  at  C  D ;  the  fecond  N  Y  at  the  diftance  of  26  lines  from  the  firft  ;  and  the 
third  O  Z  at  26  lines  diftance  from  the  fecond.  The  lower  extremities  of  thefc  three  tubes 
were  plunged  in  the  mercury  of  the  veflel  Qj^  When  the  water  was  fufFered  to  flow  through 
the  tube  A  E  F  B  the  mercury  rofe  53  lines  in  the  tube  D  X ;  20,5  in  N  Y,  and  7  in  O  Z. 
TheTe  quantities  correfpond  with  62  inches  height  of  water  in  D  X  ;  24  inches  in  N  Y  j 
and  8,1  in  O  Z,     The  expenditure  of  four  cubic  feet  was  efFefled  in  25^'. 

I  cut  ofF  the  portion  P  N  F  E  of  the  tube,  and  the  remaining  pipe  A  B  N  P  emitted  the 
fame  quantity  in  ^i\ 

In  the  truncated  conical  tube  A  C  P  B  D  N,  the  feftion  P  N  is  to  the  fc£tion  of  the  con. 
tracted  vein  (namely  0,64  of  the  fedion  A  B)  as  41'^  to  30^.  Iri  the  experiment  with  this 
laft  truncated  tube  thie  retardation  is  confequently  no  more  than  r'Mefs  than  the  theory. 

In  the  entire  tube  C  D  F  E  we  have  v^  62-^  32,5  :  a/  32,5  =  41^' :  24".  The  difFercnce 
of  38  inches  elevation  of  water  in  the  two  tubes  D  X,  NY,  muft  arife  from  the  motion  of 
the  Auid  from  C  to  P ;  it  is  i -13th  lefs  than  by  the  theory.  The  lofs  is  fucceflivcly  greater 
in  the  two  portions  P  Q.9  QjE.  The  reafon  of  this  is,  that  the  ftream  defcends  as  it  moves 
from  C  D,  fo  that  the  lateral  communication  not  being  made  uniformly  through  the  whole 
of  any  one  fe£lion,  the  different  parts  of  the  current  acquire  irregular  motions,  and  ev«ii 
eddies  within  the  tube  \  whence  the  jet  comes  forth  by  leaps  and  irregular  fcattering.— - 
Thefe  uncertain  motions  cannot  be  reduced  to  the  theory,  and  manifeft  themfelves  the  more, 
the  longer  or  the  more  diverging  the  fides  of  the  tube.  The  effe£^s  confequently  remain  to 
be  afcertained  by  experiment. 

Experiment  XVI.  I  conftruAed  a  tube  CD  FEas  before,  (fig.  ii)  148  lines  long,  and 
t7  lines  indian>eter  at  EF,  the  reft  of  the  apparatus  being  the  fame  as  in  the  foregoing^ 
experiment.  The  expenditure  of  four  cubical  feet  was  efFefied  in  2i^i  the  inequality  and 
irregularity  of  motion  in  the  ftream  were  greater  in  this  experiment  than  in  the  foregoing- 
It  was  ufeiefs  to  prolong  the  tube  C  D  F  £  beyond  148  lines  ;  for  the  ftream  did  not  itt 
that  cafe  fill  the  portion  of  tube  added  beyond  that  length,  and  the  expenditure  remained 
cooftantly  at  ^i'^.  This  expenditure  is  nearly  double  what  took  place  through  the  iimplc  , 
aperture  in  a  thin  plate ;  and  it  is  the  greateft  I  have  been  able  to  obtain  by  additioiul 
tubes,  t&e  axis  of  which  had  aa  horizontal  poHtion  under  a  charge  of  32>5  inches.  "  * 

Nna  .  ^ 
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iy6  Lateral  Mdtlon  of  Fluids. '^Ovirjhwing  fFell. 

It  is  trucy  that  by  prolonging  the  tube  C  D  F  £  to  the  length  of  204  lines  in  the  horizon^ 
U\  pofition,  the  four  cubic  feet  flowed  out  in  19".  But  to  obtain  this  effe(3, 1  found  it  nc* 
ccfTary  to  fix  a  prominence  within  the  tube  at  O,  which  forced  the  fluid  to  fly  upwards^ 
%Dd  by  that  means  to  fill  the  whole  tube. 

Experiment  XVH.  In  this  experiment  the  horizontal  tube  CD  FE,  fig.  11,  was  more 
divergent  than  in  the  foregoing  trials.  It  was  117  lines  long,  and  36  lines  in  diameter  at 
E  F.  The  reft  of  the  apparatus  was  the  fame  as  before.  The  expenditure  was  made 
in  28''i  the  flream  did  not  fill  the  whole  fediion  E  F.  The  refult  w;4S  the  fame  when  fuc* 
ceflive  portions  of  the  pipe  were  cut  oflf",  until  CE  was  no  longer  than  20  lines,  and  the 
external  diameter  18  lines.  In  this  cafenhe  Aream  filled  the  pipe,  and  the  expenditure  wa^ 
alfo  made  in  28''.  x 

.  When  the  length  C  E  was  20  lines,  its  external  diameter  EF  was  increafed  to  20  lines^ 
In  this  cafe  the  ilream  was  detached  from  the  fides  of  the  tube,  and  the  expence  of  four 
feet  took  place  in  42  feconds,  as  in  the  Vlth  experiment* 

Thefe  experiments  teach  us,  that  by  varying  the  divergence  of  the  fides  of  tubes,  the 
lateral  communication  of  motion  has  a  minimum  and  a  maximum  of  effedt.  The  minimum 
is  feen  in  the  laft  experiment.  It  appears  that  the  lateral  communication  ceafes  to  produce 
its  efFcft  when  the  angle  made  by  the  fides  of  the  tube  with  each  other  exceeds  16  degrees. 
The  Xlllth  experiment  nearly  determines  the  maximum  of  the  effect  when  the  fame  angle 
is  about  3  degrees^  Thefe  limits  may  alfo,  perhaps,  in  a  fmall  degree  depend  upon  fome 
function  of  the  velocity.  . 

iTo  be  continued.]  Lj ^  /^  ^2-   ^-^  , 
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IX. 

An  jtccount  cf-  the  Means  employed  to  obtain  an  overfowing  JVelU 

By  Mr.  Benjamin  Vvluamy.* 
—     Sir, 

Jl  E  R  M  I  T  me,  in  compliance  with  your  requeft^  to  give  you  a  fhort  account  ofthe 
v^ell  at  Norland-houfe,  belonging  to  Mr.  L.  Vulliamy ;  a  work  of  great  labour  and  expence^ 
executed  entirely  under  my  diret^ion,  and  finifhed  in  November  1 794. 

Before  I  began  the  w6rk,  I  confidered  that  it  would  be  of  infinite  advantage  (hould  a  fpring 
be  found  ftrong  enough  to  rife  over  the  furface  of  the  well  \  and  though  I  thought  it  very 
improbable,  yet  I  refolved  to  take  from  the  beginning  the  fame  precautions  in  doing  the 
work  as  if  I  had  been  afTured  that  fuch  a  fpring  would  be  found.  But  although  this  verjr 
laborious  undertaking  has  fucceeded  beyond  my  expectation,  yet,^  from  the  knowledge  I 
have  acquired  in  the  progrefs  of  the  work,  I  am  of  opinion,  that  it  will  very  feldom  happea 
that  the  water  will  rife  fo  high  ;  nor  will  people,  I  believe,  in  general,  be  fo  indefatigable  as. 
I  have  been  in  overcoming  the  various  difficulties  that  did  and  ever  will  occur  in  bringing 
fuch.  a  work  to  perfedlton. 

In  beginning  to  fink  this  well,  which  has  a  diameter  of  four  feet,  the  land  fprings  were 
(lopped  out  in  the  ufual  manner^  and  the  well  was  funk  and  (leined  to  the  bottom.  When 
the  workmen  had  got  to  the  depth  of  236  feet,  the  water  was  judged  not  to  be  very  far  off» 

^  In  a  letter  to  the  Ri^ht  Honourable  Sir  Jofeph  Banks^  Ban.  K.  B.  P.R.  S.  Phil..  Tranf.  i797» 
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and  it  ww  not  thought  fafc  to  fmk  any  deeper,     A  double  thickners  of  fteinlng  was  "made ' 
about  fix  feet  froi^  the  bottom  upwards,  and  a  borer  of  5^  inches  diameter  was  made  life 
of.     A  copper  pipe  of  the  {^m^  diameter  with  the  borer  was  driven  down  the  bore  hole  to 
the  depth  of  24,  at  which  depth  the  borer  pierced  thrDi^gh  the  rock  into  the  water  ;  and  by 
the  manner  of  its  going  throughJt  muft  probably  have  broken  into  a  flratum  containing 
water  and  fand.     At  the  time  the  borer  buril  througlt,  the  top  of  the  copper  pipe  was  about 
three  feet  above  the  bottom  of  the  well :  a  mixture  of  fand  and  water  inflantly  ru(hed  in 
through  the  aperture  of  the  pipe.    This  happened  about  two  o'clock  in  the  afternoon,  and  by 
twenty  minutes  paft  three  o'clock  the  water  of  the  well  ftood  within  17  feet  of  the  furface. 
The  water  rofe  the  firft  124.  feet  in  eleven  minutes,  and  the  remaining  119  feet  in  one  hour 
and  nine  minutes.     The  next  day  Icveral  buckets  of  water  were  drawn  out,  fo  as  to  lower 
the  water  four  or  five  feet  j  and  in  a  Ihort  time  the  water  again  rofe  within  17  feet  of  the  fur- 
face,     A  found  line  was  then  let  down  into  tiie  well  in  order  to  try  its  depth.     To  olir 
great  furprife,  the  well  was  not  found  by.  96  feet  fo  deep  as  it  had  been  meafured  before  the 
water  was  in  it ;  and  the  lead  brought  up  a  fufficient  quantity  of  fand  to  explain  the  reafim 
of  this  difference,  by  (hewing  that  the  water  had  brought  along  with  it  96  feet  of  fand  into 
the  well.     Whether  the  copper  pipe  remained  full  of  fand  or  not,   is  not  eafy  to  be  deter« 
mined ;  but  1  (hould  rather  be  inclined  to  think  it  did  Hot. 

After  the  well  had  continued  in  the  fame  ftate  feveral  days,  the  water  was  drawn  outfo  as 
to  lower  it  eight  or  ten  feet ;  and  it  did  not  rife  a  ain  by  about  a  foot  fo  high  as  it  had  rifen 
before.     At  fome  days  interval,  water  was  again  drawn  out,  fo  as  to  lower  the  water  as  be* 
fore  ;  which  at  each  time  of  drawing  rofe  Icfs  and  lefs^  until  after  fome  confiderable  time  it 
would  rife  no  more  ;  and  the  water  being  then  all  drawn  out,  the  fand  remained  perfeftly 
dry  and  hard.     I  now  began  to  think  the  water  loft  ;  and  confequently  that  all  the  labour 
and  expence  of  finking  this  well,  which  by  this  time  were  pretty  confiderable,  had  been  ia 
vain.     There  remained  no  alternative  but  to  endeavour  to  recover  it  by  getting  out  the 
fand,  or  all  that  had  been  done  would  be  ufelefs ;  and  although  it  became  a  more  difficult   ' 
talk  than  finking  a  new  well  might  have  been,  yet  I  determined  to  undertake  it,  becaufe  F 
knew  another  well  might  alfo  be  liable  to  be  filled  with  fand  in  the  fame  manner  that  this 
was.     The  operation  o\  digging  was  again  neceflTarily  reforted  to,  and  the  fand  was  drawa 
up  in  buckets  until  about  60  feet  of  it  were  drawn  out ;  confequently  there  remained  only 
36  feet  of  fand  in  the  well  :  that  being  too  light  to  keep  the  water  down,   in  an  inftant  it 
^forced  again  into  the  well  with  the  fame  violence  it  had  done  before  *,  and  the  man  who  was 
at  the  bottom  getting  out  the  fand  was  drawn  up  almoft  fuffbcated,  having  been  covered  all 
over  by  a  mixture  of  fand  and  water.     In  a  fhort  time  the  water  rofe  again  within  17  feet  of 
the  furface,  and  then  ceafed  to  rife  as  before.     When  the  water  had  ceafed  riling  the  found* 
ing  line  was  again  let  down,  and  the  well  was  found  to  contain  full  as  much  fand  as  it  did  the  ^ 
firft  time  of  the  water's  coming  into  it. 

Any  further  attempt  towards  recovering  the  water  appeared  now  in  vain ;  and  moft  peo- 
ple would,  I  believe,  have  abandoned  the  undertaking.  I  again  confidered,  that  the  labour 
and  the  expence  would  be  all  loft  by  fo  doing ;  and  I  determined  without  delay'to  fet  about  * 
drawing  the  fand  out  through  the  water  by  means  of  an  iron  box  made  foi'  that  piirpofc 
without  giving  it  time  to  harden  as  before:  The  labour  attending  on  this  -  operation  was 
very  great)  as  it  was  ncccflarj  continually  to  dra\rt)Ut  the' jfaud,'  and  tbdrcbj  to*  j>V(vent  'tiie  * 

land 


itoii  from  liardenlng.  AVhat  rendered  this  operation  the  more  difcouraging  was,  tliaft 
frequently  after  having  drawn  out  ^  or  7  feet  of  (and  in  the  courfe  of  the  day,  upon  found- 
log  the  next  morning  the  fand  was  found  lowered  only  one  foot  in  the  well,  fo  that  more 
fand  muft  have  come  in  again.  This,  however,  did  not  prevent  me  from  proceeding  in  the 
fame  manner  during  feveral  days,  though  with  little  or  no  appearance  of  any  advantage 
arifing  from  the  great  exertions  we  were  making.  After  perfevering  however  for  fome 
confiiierable  time,  we  perceived  that  the  water  rofe  a  little  nearer  the  furface,  and  I  began 
to  entertain  fome  hopes,  that  it  might  perhaps  rife  high  enough  to  come  above  the  level  of 
the  ground  ;  but  when  the  water  had  rifen  a  few  feet.higher  in  the  well  fome  difficulties 
oecurred,  occafioned  by  accidental  circumftances,  which  very  much  delayed  the  progrefs  of 
the  work;  and  it  remained  for  a  confidcrable  time  very  uncertain  whether  the  water  would 
run  over  the  top  of  the  well  or  not, 

Thefe  difficulties  being  at  length  farmounted,  we  continued  during  feveral  days  the  pro- 
ce&  before  mentioned  of  drawing  out  the  fand  and  water  alternately;  and  I  had  the  fatif- 
faAion  of  feeing  the  water  rife  higher  and  higher,  iintilat  laft  it  ran  over  the  top  of  the  well  into 
a  temporary  channel  that  conveyed  it  into  the  road.  I  then  flattered  royfelf,  that  every 
difficulty  was  overcome;  but  a  few  days  afterwards,  I  difcovered,  that  the  upper  part  of  the 
well  had  not  been  properly  conftru£lcd,  and  it  became  neceflary  to  take  down  about  ten 
fe«t  of  brick  work.  The  water,  which  was  now  a  continued  flream,  rendered  this  extremely 
difficult  to  execute.  I  began  by  conftrudling  a  wooden  cylinder  la  feet  long,  which  was 
let  down  into  the  well,  and  fufpended  to  a  ftrong  wooden  ilage  above,  upon  which  I  had" 
iixed  two  very  large  pumps  of  fufficient  power  to  uke  o(F  all  the  water  that  the  fpring 
could  ftirmih  at  i  x  feet  below  the  furface.  The  ftage  and  cylinder  were  fo  contrived  as  to 
prevent  the  poflibility  of  any  thing  falling  into  the  well ;  and  I  contrived  a  gage  by  which 
the  men  upon  the  ftage  could  always  afcertain  to  \he  greateft  exadnefs  the  height  of  the 
water  within  the  cylinder.  This  precaution  was  eflentially  neceflary^  in  order  to  keep  the 
water  a  footbelow  the  work  which  was  doing  on  the  ou  tilde  of  the  cylinder  to  prevent  the 
new  work  from  being  wetted  too  foon.  After  every  thing  was  prepared,  we  were  employ* 
cd  eight  days  in  taking  down  10  feet  of  the  wall  of  the  well,  remedying  the  defedls,  and  build-t 
ing  it  up  again ;  during  which  time  ten  men  were  employed^  five  relieving  the  other  five, 
and  the  two  pumps  were  kept  conftantly  at  work  during  one  hundred  and  ninety*two  hours. 
By  the  aftiftance  of  the  gage,  the  water  was  never  iufFered  to  rife  upon  the  new  work  until 
it  was  made  fit  to  receive  it.  When  the  cylinder  was  uken  out,  the  water  again  ran  over 
into  the  temporary  channel  that  conyeyed  it  into  the  road. 

The  top  of  the  well  was  afterwards  raifed  18  inches,  and  conftru<^d  in  fuch  a  manner  at 
io  be  aUe  to  convey  the  water  five  different  ways  at  pleafure,  with  the  power  of  ^eing  able 
to/et  any  of  thefe  pipes  dry  at  will,  in  order  to  repair  them  whenever  ooeafion  (hould  re« 
quire.  The  water  being  now  entirely  at  command,  I  again  refolved  upoa  taking  out  more 
iand,  in  order  to  try  what  additional  quantity  of  water  could  be  obtained  thereby.  I  cannot 
cxaAly  afcertain  the  quantity  of  fand  taken  out,  but  the  increafe  of  water  obtained  was  very 
great ;  as  inffead  of  the  well  diicharging  thirty  gallons  of  water  in  a  minute,  the  water  was 
now  increafed  to  forty-fix  gallons  in  the  fame  time. 

If  you  think,  Sir,  that  the  above  account  of  an  overflowing  well,  the  joint  production  of 
lutuieaxul  9^t^  is  defer ving  your  attention^  I  feel  myfelf  mudi  gratified  in  thejpleafure  I  have 

in 


OvifJUwing  Jt^ett.'^ScienitjIic  Nkm  s^y 

it  giving  you  this  defcription  of  ic$  and  have  the  honour  of  being  widrtkrgretttft  re-- 

Explanation  of  Plate  XUr 

Fig.  r. 

a  Top  of  the  well}  with  the  water  runnipg  over* 
bb  Ground  line. 
c  Sand  \f\ng  in  the  well* 
d  Copper  pipe. 
ffffff  Steining  of  the  welL 

gg  Double  fteining  fix  feet  from  the  bottom  upwards.' 
b  Stratum  which  the  end  of  the  copper  pipe  was  driven  into*- 
Fig.  U  and  lUv 
Iron  box  for  drawing  fand  out  of  the  well^.  weighing,  about  6oIbs.  one  foot  iquare,^  ancV 
two  feet  nine  inches  long. 
a  Ebndle  of  the  box. 
b  A  flap  or  door  which  opens  inwards  by  a  joint  at  c.  There  is  another  door  like  this" 

on  the  other  iide« 
c  The  joint., 
d  The  centre  or  pin*of  the  joint*. 


SCIENTIFIC  NEffS^  AND  ACOOUNTS  OF  BOUKS^ 

Xn  a  Letter  from  S^.  Fabbroni  to  Sig.  D.  Luigi  Targioni  of  Naples,  inferted  in  the 

85th  No.  of  the  Qiornale  Letterario  di  Napoli,  I  find  an  account  of  a  very  eflFe£tual  com-^ 

position,  for  extinguifliing  fire,  invented  by  M.  Von  Aken*    The  compofition  is, 

Burnt  alum>  ^  •.  ^  •.         ^     pounds    30 

Green  vitriol  powdered^  --  «-  •  40 

Cinabrefe  or  red  ochre  in  powder  -  •  •  20 

Potters'  day,,  or  other  clay,  alfo  powdered  -^  mr  200 

Water  .  -  -  .i.  ^  630 

With  40  meafiires  of  this  mixture  an  artificial  fire  was  extinguifhed  under  the  diredion  of 

the  inventor  by  three  perfons,  which  would  have  required  the  labour  of  20  men  and  1500^ 

meafures  of  common  water.     Sig.  Fabbroni  was  commiffioned  to  examine  the  value  of  this 

invention,  and  found  in  his  comparative  trials  with  engines  of  equal  power,  worked  by 

the  fame  number  of  men,  that  the  mixture  extinguifhed  the  materials  incombuftion  in  one 

fixth  part  lefs  time,. and  three  eighths  lefs  of  fluid  than  when  common  water  was  ufed* 

Heobferved,  as  might  indeed  have  been  imagined' from  the  nature  of  the  material,  that  the' 

flame  difappeared  wherever  the  mixture  f^tl,  and  that  the  faline,  metallic  and  earthy  matters:- 

fbrmedan  impenetrable  lute  round  the  hot  combuftible  matter,  which  prevented  the  acceft* 

of  the  air,  and  confequently  the  renewal  of  the  deftru£llve  procefs. 

Sig.  Fabbroni  eftimates  the  price  of  this  compofition  at  about  one  foldo  (or  halfpenny}' 

per  pound,  but  remarks,  that  it  requires  fewer  hands,  and  affords  the  incalculable  advantage 

of  afpeedier  extindlion  of  the  fire.     Whence  he  concludes,  that  it  might  be  advifeable  tO' 

keep  the  ingredients  ready  powdered  to  aiix  with  water* 

9/  rJiavpe 
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^o  'Mr.  FayKs  fVapels  U  tbr  interior  ParU  of  Africa. 

•  I  have  giiren  this  ^bridged  account,  becaure  it  is  evident  that  fuch  iaventtons  are  w^rtfij 
.  *tbe  attention  of  philofcphers  and  economics,  even  though  in  the  firft  applications  cHey  may 
prove  lefs  advantageous  th^n  their  inventors  may  be  difpofed  to  think.  It  is  fcarcely  proba- 
ble that  this  pradice  in  the  large  way,  with  an  engine  throwing  upwards  of  200  gallons  (value 
about  3I.  ics.)  each  minute,  would  be  thought  of  or  adopted,  or  that  a  fufficient  (lore  pf  the 
materials  would  be  kept  in  readinefs;  fmccLiit  this  rate  the  expenditure  for  an  hour  would 
demand  a  provificn  to  the  amount  of  210I.  fterling.  But  in  country  places  the  procefs,  or 
fome  variation  of  it,  might  be  applied  with,  fufficient  profit  in  the  refult ;  more  efpecially  if 
it  be  confidered  that  common  fait  or  alum,  or  fuch  faline  matter  as  can  be  had  and  mixed  with 
the  water,  together  with  clay,  chalk,  olr  lime,  ochreoiis  earth  or  common  mud,  or  even  thefe 
laft  without  any  fait,  may  anfwer  the  purpofe  of  the  lute  with  more  or  lefs  effed,  and  ex- 
tinguiih  an  accidental  fire  with  much  greater  fpeed  and  certainty  than  clear  water  would  do. 


Mr.  Park  has  circulated  Propofals  for  publiihing  by  Subfcrijitibn  (under  the  Patronage  of 
the  African  Aflbciation)  his  **  Travels  in  the  interior  Parts  of  Africa,  by  Way  of  the  River 
Gambia,  performed  in  the  Years  1795,  1796,  and  17971  ^V  ^^^  Dircflion  and  at  the  Ex- 
pence  of  that  Aflbciation."  The  Work  will  form  One  handfome  Volume  Quarto,  and  is 
^cxpefbcd  to  be  ready  for  delivery  early  in  the  enfuing  Scafon.  One  Guinea  is  to  be  paid  at 
the  time  of  fubfcribing,  which  it.is  expe6led  will  be  the  price  qf  tbp  Books  but  as  the 
charges  are  not  at  prefent  afcertained,  it  is  underflood  that  a  further  payment  of  Half-a- 
Guinea  will  be  expeded,  provided  the  Committee  of  the  African  Aflbciation  (hall  c^rtifjr 
that  fqch  demand  is  r^afon^ble.  Subfcriptions  are  taken  by  G.  Nicol,  BookfeUer,  Pah-« 
Mall. 

Proceedings  of  the  Aflbciation  for  promoting  theDifcovery  of  thejnterior  Parts  of  Afi^ica, 
containing  an  Abftraft  of  IVIr.  Park's  Account  of  his  Travels  and.Difcoveries,  abridged 
from  his  own  Minutes  by  Bryan  Ed  wards,  Efq.  Alfo  Geographical  Illuftratidns  of  Mr. 
Park's  Journey,  and  of  North  Africa  at  large.  By  Major  Rennell.  London;  Printed 
for  the  AflTociation.  Quarto,  16a  pages,  with  the  following  Maps  by  Major  Rennell, 
I.  The  Route  of  Mr.  Mungo  Park  upon  a  large  Scale.  2.  The  Lines  of  Magnetic  Variation 
in  the  Seas  round  Africa  ;  and  3.  A  Map  fliowing  the  Progrefs  of  Discovery  and  Improve- 
ment in  the  Geography  of  North  Africa.  The  Scale  of  this  iriterefting  Map,  which  com- 
prehends the  whole  of  Africa,  from  the  Mediterranean  Sea  to  the  Equator,  affords  five 
Equatorial  Degrees  in  two  Inches.  The  Work  has  no  Bookfeller's  name,  and  is  not 
vendible. 

The  title-page  renders  it  needlefs  to  repeat,  that  this  book  conuds  of  two  difiinA  works* 
Of  the  latter,  which  adds  no  fmall  portion  to  the  well-acquired  fame  of  its  author,  Lhave  nt^ 
yet  been  able  to  fatisfy  myfelf  that  any  abridgment  can  be  offered  to  the  Public  without 
mutilations,  which  fuch  a  fubjed  cannot  endure.  The  reader  has  already  been  prefented 
with  the  concluding  chapter  in  our  prefent  number.  The  whole  will  be  re-printed,  to- 
gether with  the  Maps,  in  Mr.  Park's  own  work,  Mr.  Edwards's  abftra<a  of  Mr.  Park's 
Travels  contains  the  following  particulars : 

From  the  houfe  of  Dr.  Laidley  at  Pifania,  on  the  banks  of  the  river  Gambia,  but  three. 
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Agrees  mbre  wellcrly  than  the  mouth  of  that  river,  Mr.  Park  departed  to  the  eaft  ward  for 
the  kingdom  of  Woolli  with  two  Negro  fervants,  himfelf  on  horfeback  and  his  fervants  each 
on  an  afs.  He  carried  a  fmall  aflibrtment  of  beads,  amber,  and  tobacco,  a  fewchanges  of  linea 
and  apparel,  a  pocket  fextant,  a  magnetic  compafs,  and  a  thermometer,  together  with  two 
fowling-pieceS)  two  pair  of  piftols,  and  fome  other  fmall  articles.  At  Medina,  the  capital  of 
Woolli,  he  was  hofpitably  received,  and  proceeded  to  the  kingdom  of  Bondoti,  where  the 
foveicign  compelled  him  to  furrender  his  coat,  but  neverihelefs  gave  him  five  drams  of  gold 
duft  and  plenty  of  provifions.  From  the  capital  of  Bondou  he  travelled  through  Kajaaga« 
which  is  bounded  on  the  North  by  the  Senegal  riv«r,  where  the  French  formerly  had  a  fmall 
fa£lory.  The  king  commanded  that  he  (hould  be  brought  before  him  ;  but  Mr.  Park,  who 
had  been  cautioned  to  avoid  him,  declined  the  interview,  and  efcaped  with  the  lofs  of  about 
half  his  goods  and  apparel.  Hence  he  was  conduced  to  Kaflfon,  under  the  protedtion  of 
the  nephew  of  the  king  of  that  diftrifl,  where  he  was  treated  with  great  kindnefs  and  hofpi« 
tality,  but  detained  fome  weeks  an  account  of  the  extreme  curiofity  of  the  natives  to  behold 
an  European.  Hence  he  proceeded  flill  further  eaftward  to  Kemmoo,  a  large  and  populous 
town,  fince  dcftroyed,  but  at  that  time  the  metropolis  of  an  extenfive  kingdom  called 
Kaarta.  The  king  of  this  place,  who  received  our  traveller  with  great  kindnefs,  was  at  that 
time  at  war  with  the  neighbouring  nation  of  Bambarra,  to  the  eaftward,  through  which  the 
Joliba  or  Niger  river  flows.  Unfortunately  for  Mr.  Park,  it  was  the  opinion  of  the  fovereiga 
of  Kaarta,  that  he  could  not  with  fafety  pafs  into  Bambarra  immediately  from  his  dominions  ; 
in  confequence  of  which  he  advifed  him  to  {hape'his  courfe  to  the  northward  into  the  terri«, 
tory  of  the  Moors,  called  Ludamar,  on  the  border  of  the  Great  Defert ;  through  which  ter« 
ritory  he  might  continue  his  route  eaderly,  and  enter  Bambarra  on  the  northern  fide.  By 
complying  with  thefe  inftru«Slions,  Mr.  Park  entered  the  frontier  town  of  the  Moors,  called 
Jarra,  about  a  degree  to  the  northward  of  Kemmoo,  near  which  he  pafied  through  the 
village  of  Simbing,  whence  the  laft  difpatch  of  Major  Houghton  written  with  pencil  was 
received. 

Thus  fifir  our  traveller  had  continued  his  journey  to  the  eaftward  declining  to  the  north, 
through  fix  degrees  of  longitude  with  about  a  degree  and  a  half  of  northing,  the  town  of 
Jarra  being  placed  in  the  map  in  about  15**  5'  north  latitude.  The  territory  through  which 
he  pafled  was  very  generally  clothed  with  native  woods,  and  prefented  to  the  eye  an  appear* 
ance  of  great  uniformity.  In  his  progrefs  eaftward  the  country  rofe  into  hills,  and  the  foilhe- 
came  various,  but  was  every  where  fertile  in  fuch  places  as  had  been  cleared.  Bondou  in 
particular  is  aland  abounding  with  black  cattle,  fheep,  goats,  and  poultry,  with  an  excellent 
breed  of  horfes,  though  the  ufual  beaft  of  burthen  in  all  the  Negro  territories  is  the  afs« 
Animal  labour  is  00  where  applied  jto  agricultural  purpofes.  The  land  is  cultivated  by  (laves, 
and  affords  plenty  of  rice  and  Indian  corji.  The  Pagans  make  an  intoxicating  liquor  from 
honey.  The  woods  furnifti  a  fmall  fpecies  of  antelope,  of  which  the  venifon  is  highly 
efteemed.  Among  wild  animals  in  thefe  countries,  the  moft  commi3n  arc  the  hyena,  the 
panther,  and  the  elephant.  The  latter  is  often  deftroyed  for  the  fake  of  its  teeth,  but  thcj 
have  not  yet  tamed  it  for  the  fervicc  of  man. 

JBcfides  the  grains  proper  to  tropical  climates,  the  inhabitants  cultivate  In  confiderable 

quantities,  ground  nuts,  yams,  and  pompions.     They  likewife  raife  cotton  and  indigo,  and 
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have  fufficicnt  (kill  to  iconvcxt  thefc  materials  into  tolerably  fine  cloth  of  a  rich  blue  coloinr, 
and  they  make  good  foap  from  a  mixture  of  ground  nuts  and  a  ley  of  wood  alhes. 

Their  trade  with  the  Whites  is  compofed  of  flaves,  gold-duft,  ivory,  and  bees-wax.  Their 
inland  traffic  confifts  chiefly  of  fait  procured  from  the  floors,  and  warlike^ftores  obtained 
from  the  European  traders  on  the  Gambia  river.  Thefe  articles  are  fold  again  to  itine* 
"rant  merchants  called  Slatees,  who  come  down  annually  from  diftant  countries,  fame  of 
which  are  unknown  even  by  name  to  the  natives  of  the  coaft,  with  flaves  and  a  commodity 
called  (hea-toulou,  or  tree-butter.  This  butter,  in  Mr.  Park's  opinion,  befides  the  advan- 
tage of  its  keeping  without  fait  the  whole  year,  is  whiter,  firmer,  and  of  a  richer  flavour 
than  the  beft  butter  he  ever  tafted  made  from  cow's  milk.  The  tree  which  affords  it  very 
much  refembles  the  American  oak  5  and  the  nut,  from  the  kernel  of  which  the  butter  is 
prepared  by  boiling  it  in  water,  has  fomewhat  the  appearance  of  a  Spanifli  olive,  and 
is  enveloped  in  a  fweet  pulp  under  a  thin  green  rind.  The  growth  and  preparation  of 
this  commodity  are  among  the  ,firft  objefls  of  African  inauftry  in  the  Eaftern  States,  to 
which  Mr.  Park  had  accefs.  The  natives  of  the  Gambia  countries  are  alfo  fupplied,  in 
confiderable  quantities,  with  fweet-fmelling  gums  and  frankincenfe  from  Bondou. 

The  government  in  all  thcfe  petty  States,  though  monarchical,  is  no  where  abfolute. 
The  chiefs  form  an  ariftocracy,  which  greatly  reftrains  the  powers  of  the  Sovereign,  and 
prevent  him  from  declaring  war  or  concluding  peace  without  their  confent.  Every  confi- 
derable town  is  governed  by  a  magi  (Irate,  whofe  office  is  hereditary,  and  who  colle£ls  the 
duties  and  cuftoms  from  traders,  which  are  paid  in  kind.  The  lower  orders  or  bulk  of  the 
people  are  in  a  (late  of  flavery  or  vaflalage  to  individual  proprietors  \  but  the  power  of  the 
mafter,  as  well  with  regard  to  treatment,  as  the  difpofal  of.  the  flave  to  a  ftranger,  is  limited 
with  regard  to  natives. .  Theft  indulgencies  are  not  however  extended  to  captives  taken  in 
war,  or  obtained  in  traffic. 

,  To  return  to  Mr.  Park,  whom  we  left  at  Jarra  in  the  power  of  the  Moors,  a  fet  of  the 
worft  fanatics,  who  confider  it  as  a  meritorious  a£t  to  deftroy  a  Chriftian.  After  a  fort- 
night's waiting,  permiffion  arrived  from  AH,  the  Moorifh  chieftain  or  king  of  the  .country, 
for  him  to  proceed  in  his  journey  to  the  eaft  ward.  With  much  difficulty,  danger  and  infult, 
he  fucceedcd  in  paffing  through  a  diftri<ft  of  near  two  degrees  in  length,  and  was  within 
two  days  journey  of  the  frontier  town  of  Bambarra,  when  he  was  carried  back  to  the 
Moorifh  camp' by  order  of  the  chief.  On  his  arrival  he  was  thrown  into  confinement,  in 
which  he  remained  for  eight  or  ten  weeks  expofed  to  daily  infult,  robbed  of  all  his  effeSs, 
in  danger  of  perifhing  from  the  frequent  want  of  food  and  every  other  neceffary  of  life, 
with  no  other  probable  confequence  to  expeft  than  ultimately  to  perifh  by  the  caprice  or  fa- 
naticifm  of  the  barbarians  around  him.  Here  it  was  that  he  learned  fome  particulars  of  the 
death  of  Major  Houghton,  who  was  feduced  into  the  Defert  by  the  Moors,  robbed  of  all 
his  property,  and  died  either  for  want  of  fuftenance,  or  by  the  violence  of  thofe  who 
refufed  to  fupply  that  want.  For  the  particulars  of  Mr.  Park's  adventures  we  muft  wait 
till  his  work  appears.  He  fucceeded  in  July  1796  in  efcaping  from  his  oppreffors.  He 
was  fortunate  enough  to  procure  his  own  horfc,  faddle  and  bridle,  a  few  articles  of  his  ap- 
parel, and  his  pocket  compafs,  which  he  had  concealed  in  the  fand.  The  joy  he  experienced 
at  his  efcape  foon  fubfided  into  more  anxious  emotions.  Alone  in  the  woods  of  Africa,  ex- 
pofed to  the  ferocity  of  wild  beaits,  and  the  dread  of  meeting  again  with  men  more  fero* 

CiQUS 


Mr  ^' Parkas  Travih  '^  ^^^  interior  Paris  of  Africf.  283 

cious  than  thofc  animals  ;  finking  under  the  rage  of  hunger,  and  the  ftill  more  intolerable 
torture  of  thirft,  it  was  in  vain  that  he  chewed  the  bitter  leaves  of  the  trees,  or  dimbed 
to  look  around  him  for  a  watering-place.  A  feafonable  fhower  however  favcd  him  from 
perifhing  during  the  firft  night ;  and  after  a  weary  courfe  without  food  or  water  for  the 
grcatcft  part  of  the  day  following,  he  had  the  good  fortune  to  meet  with  relief  among  a  few 
huts  of  Negro  (hepherds.  In  this  manner,  and  with  no  better  dependance  for  fupport  than 
the  kindnefs  of  the  mod  wretched  of  human  beings,  he  proceeded  on  the  obje£l  of  his 
miflion  for  fifteen  days  ;  when,  on  llie  morning  of  the  i6th,  having  been  joined  by  fome 
Negroes  who  were  travelling  to  the  town  of  Sego,  he  had  the  inexpreffible  fatisfadiion  of 
beholding  the  objeft  of  his  wifhes,  the  long  fought  Niger  glittering  to  the  morning  fun  as 
broad  as  the  Thames  at  Weftminfler,  and  flowing  flowly  from  weft  to  eafl  through  the 
middle  of  a  very  extenfive  town,  which  his  fellow  travellers  told  him  was  Sego,  the  ca- 
pital of  the  great  kingdom  of  Bambarra,  which  Major  RcnncU  places  in  14®  10'  North - 
latitude,  and  2**  i6'  Weft  longitude  from  Greenwich. 

{The  remainder  of  this  Abftra£l  in  our  next.Ji 
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1.5880 

447.83 

366.87 

4.2236 

2,0900 

98 

2.4884 

1.6041 

452.45 

370.65 

4.2672 

2.1336 

99 

2.5133 

1.6207 

457.06 

374.43 

4.3107 

2.1771. 

100 

2.5392 

h6371 

461.68 

378.21 

4.354} 

A  TABLE  exhibiting  the  Prices  of  various  Neceflarics  of  Life 
from  the  Conqueft  to  the  prcfent  Time,  derived  from  rcfpeft 
added,  the  mean  Appreciation  of  Money,  according  to  a  S< 
Periods,  deduced  by  Interpolation.     By  Sir  Gborce  Shuck 


Year 
of  our 
Lord. 

1050 
1150 

■ 

• 
THE  PRICES  OF  VARIOUS  ART) 

1 

1 

Wheat 

per 
Bu(hcl. 

Miscellaneous  Arti 

Cattle  in  Hulbandry. 

1 

Horfe. 

Ox. 

Cow. 

Sheep. 

Hog. 

Goofe. 

/.      r/. 

£'  '•    ^' 

£'  '• 

^/. 

£'  *•   ^• 

£'  '•   ^• 

£.   s. 

d. 

/.      //. 

« 

0   2; 

1  17     6 

•g9 

0     7 

20 

6 

0    6     0 

37 

0   1   3 
29 

0    2 
36 

0 

0     41 

0  12     5 

0    4 

0     1     8 

0    3 

0 

125C 
135C 

145C 
155C 

i    1     7-J 

1  11     0 
0  18     4 

43 

1     0 

7 

0  17     0 

0     1     7 

1      0 

1    1   lOi 

1     4 
66 

6 

0  17     2 

106 

0    2    7 

61 

0    2 
45 

6 

0    9 

75 

1    1     5 

1   15 

8 

0  15     6 

0  4  Hi 

0     5 

1 

0    6i 

1    1  lOi- 

2    2    0 

100 

1   16 
100 

7 

0  16     0 

lOO 

0    4    3^ 

100 

0     5 

xoo 

6 

1     0 

100 

160C 
1625 
1650 
1675 

1700 
1720 

1   4     0^ 

4  11 

2     0 

5     6 

4     6 

5  10    0 

150 

3    6 
1S4 

0 

2  17     0 
345 

0  11     0 

256 

0  14 

»54 

0 

3     0 

300 

4    9i 

4    41 

1 

1740 

3     8 

10     0     0 

476 

8     0 

437 

0 

7     7V 
784  ■ 

1     6     0 

602 

1   15 
634 

0 

3     6 

3>o 

1760 

1780 
1795 

3     9-1 

14    0     0 
^67 

8  10 

465 

0 

7     0     0 

874 

1     7     0 

6:6 

1    15 
<i54 

0 

5     0 

4    51 

7  10 

19     0     0 

904 

16     8 

0 

16     8     0 

7  ore 

1   18     0 

882  • 

5     8 

0 

3     0 

300 

■ 

*  The  fmall  Figures  denote  the  Price  ii 

Bcfidcs  moft  of  the  old  Chronicles  and  Hirtorians,  the  following  Books  were  cc 
1299.  The  Sketch  of  the  Eftabliftimt-nls  of  this  Kingc^om,  Umf.  Ed.  III.  cifeqq 
King  William  and  Queen  Mary,  Lond.  1700,  4to.  The  nth  Volume  of  the  Au 
brane^  fol.  Iy>nd.  by  T.  Longman,  1768.  Dr.  bmith*s  Wealth  of  Natioos.  Sir  li 
M.D.CCJeC.Vai.  p.  176.    W.N) 
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NATURAL  PHILOSOPHY,   CHEMISTRY, 


AND 


THE    ARTS. 


OCTOBER     1798. 


ARTICLE    I. 

Curious  Circumftances  upon  which  the  Vitreous  or  the  Stony  CharaHer  of  Whinjlone  and  Leivm 
refpe^ively  depend  \  with  other  Faffs.  In  an^  Account  of  Experiments  made  by  Sir  J  AMES 
Hall,  Bart.  FJt.  and  A.S.S.  Edin^ 


o 


'N  the  5th  Marchi  and  i8th  of  June,  Sir  James  Hall  read  to  the  Royal  Society  of 
Edinburgh  an  account  of  a  feries  of  experiments  on  whinftone  and  lava.  Thefe  •experi- 
mentsi  which  relate  to  the  theory  of  the  earth  publiflied  by  the  late  Dr.  Hutton,  had  been 
proje£led  by  Sir  James  Hall  in  1790 ;  at  which  time  he  read  a  paper  to  the  focicty  on  the 
formation  of  granite  and  other  unftratified  fubftances.  He  had  then  begun  a  few  experi- 
ments, but  Kai  been  obliged  by  fome  circumftances  to  difcontinue  them.  Having  obtained^ 
however,  very  promifing  appearances  of  fucccfs,  they  were  again  refumed,  and  carried  into 
efFe£l  in  the  courfe  of  laft  winter  f.  In  the  execution  of  the  experimental  part,  Sir  James 
Hall  acknowledges  himfelf  greatly  indebted  to  the  afliflance  of  Dr.  Kennedy. 

The  fubjcft  of  the  communication  was  fuggcfted  by  fome  obvious  and  plaufible  objcc* 
tions  which  have  lately  been  urged  againft  Dr.  Hutton*s  fyftem.  Whinftone  or  bafaltes 
being  confidered  in  that  fyftem  as  having  attained  its  prefent  pofition  in  a  ftate  of  igneous 
fufion,  it  has  been  alledged,  as  a  fuiEcicnt  refutation  of  this  hypothcfis,  that  whinftone, 
when  made  to  undergo  fufion  in  one  of  our  furnaces,  yields  glafs,  a  fuUftance  very  different 
from  the  original  fione  \  the  formation  of  which  cannot  therefore  be  afcribed  to  the  adiom 
of  fire. 

•  Abftra6l,  by  favour  of  the  Author,  from  his  Paper  which  will  appear  in  the  Edin.  Tranf.  vol.  v. 
t  lir  James  Hall  (bowed  the  refult  of  his  firft  fuccefsful  experiment  at  a  meeting  of  the  Society  on  the  5^11 
•f  February,  179S. 

Vol.  II.— Oct.  1798.  '^  Pp  ThU. 


286  Expmmental  Invejllgaikn  of  the  Caufes  of 

This  clifliculty  had  formerly  occurred  to  Sir  James  Hall ;  who  had  endeavoured  to  obviate 
it  by  dating,  that  the  mafs  during  flow  refrigeration  in  the  bowels  of  the  earth  had  under- 
gone a  change  fimilar  to  that  of  glafs  into  Reaumur's  porcelain  ;  and  that  by  cryftallizatioii 
it  had  loft  the  vitreous,  and  afTumed  th^  (louy  charafter.  The  truth  of  this  explanation 
has  now  been  amply  confirmed  by  thefe  experiments,  which  comprehend  fcvcn  different 
fpccies  of  whinftone.  Each  of  the  original  fubftances  was  reduced,  by  fufion  and  fubfe- 
ijuent  rapid  cooling,  to  a  ftate^of  peifeft  glafs.  This. glafs,  facing  again^ph^gcd  in  the 
furnace,  was  fubje£tcd  to  d  fccoad  fufion.  The  beat,  beingJj^ZLTeduced  to  a  temperature 
generally  aboiit  28^  of  Wedgwood^  was  nvuiUaiiKdJtatiqipiQry  for  fomc  hoars  ;^  when  the 
crucible  was  either  immediately  removed,  or  allowed  to  c^l  wutii,  the  furinoe;  The  con- 
fcquence  was,  that  in  every  cafe ' the  fubtlance"had  loft' l^kc  <lhara6hrr-5f  Iglafs,  and  by 
cryllallization  had  aflumcd  in  all  refpefts  that  of  an  original  whinftone. 

It  muft  be  ovvned,  iftat  in  moft  cafes  the  new  produ<^ion  did  not  exadly  rcfemble  the 
particular  original  from  which  it  was  formed,  but  fome  other  original  of  the  fame  clafs ; 
owing  to  accidental  varieties  in  the  mode  of  refrigeration,  and  to  chemical  changes  which 
unavoidably  took  place  during  the  procefs.  In  the  cafe,  however,  of  the  rock  of  Edin- 
burgh Caftle,  and  of  that  of  the  bafaltic  columns  of  Stafia,  the  artificial  fubftances  bear  a 
complete  refemblance  to  their  originals,  both  in  colour  and  texture. 

Sir  James  Hall  conceives,  that  the  obje£lion  to  Dr.  Button's  fyftem,  mentioned  above, 
is  thus  completely  obviated  \  fince  the  ftony  chara£ler  of  whinftone  is  Oiown  to  be  the 
natural  confequience  of  the  flow  refrigeration^  which,  according  to  that  fyftem,  muft  have 
taken  place  in  the  bowels  of  the  earthy  as  the  fubftance  of  w^nftone  palTed  f  mi  a  liquid  to 
a  folid  ftate. 

E:(periments  were  made  with  equal  fuccefs  on  lava.  Tlus  clafs  of  bodi  ^  Is  known  to 
pofl'efs  the  cryftalline  and  ftony  charaAer,  in  common  with  whinftone,  anc  to  refemble  it 
fo  much,  that  In  many  cafes  the  two  fubftances  cannot  be  ^InguiffieS  bj  their  external 
appearance  *•  In  others,  however,  certain  etrcumftances  (kciir  bj  whieh  they  are  charac- 
terized. But  in  confequence  of  fufion  thefe  diftinguifliing  marks'*diiappear  \  and  the  glafs 
of  a  lava  feems  in  no  refpe£l  to  differ  from  that  of  a  whin.  Sir  James  Hall  therefore  infers 
that  the  two  fubftances  are  intrinfically  the  fame,  and  afcribes  their  differences  to  the  cir- 
cumftanccs  under  which  each  clafs  paflTed  from  a  liquid  to  a  fplid  ftate  \  the  lavas  having 
cooled  in  the  open  air,  and  the  whihs,  according ra  Dr.  Hutton-,Tn  the  bowels  of  the  earth. 
Six  lavas,  four  of  which  f  made  part  of  undoubted  currents  of  i£tna  and  .Vefuvius,  and 
broken  from  thofc  currents  by  Sir  James  himfelf,  were  fubmitted  to  expdriment.  The 
glafs  produced  by  fufion  and  rapid  cooling,  yielded,  when  treated  like  the  glafs  of  whin,  the 
fame  kind  of  cryftallized,  ftony,  or  earthy  maffes,  completely  refembling  an  oHginal  whin  or 
lava. 

In  the  courfe  of  thefe  experiments,  the  fufibilities  of  the  various  original  fiibftances,  and 
of  thofe  artificially  produced,  were  afcertained  with  much  care  by  Wedgwocil's  pyrometer, 

•  Thefe  obfervations  are  applicable  to  lavas  in  general,  comprehending  all  diofe  of  JEtna  a^  Vtfavius ;  bur 
do  not  llri£tly  apply  to  fome  of  the  lavas  of  th«  Lipari  Ides,  and  of  Ifchia,  which  poflefs  fome  curious  and  in* 
terefting  properties  to  be  mentioned  in  a  future  communication.    H. 

t  No.  8,  9,  II  and  12  of  the  table. 

and 
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the  Stony  and  the  Fiireous  CharaBers  in  Layst.  ttj 

and  are  dated  in  the  annexed  table,  which  may  be  depended  upon,  in  every  example,  to 
within  two,  or  at  mod  three  degrees.  The  artificially  cryftallizcd  fubftanccs  have  been 
denoted,  at  Dr.  Hope's  fuggeftion,  by  the  name  of  cryflallite. 

The  various  fufibiiities  ftated  in  the  table  afibrd  fome  conclufions  of  confequenccr  The 
whins  fubmitted  to  trial  are  more  refraftory  than  the  lavas ;  though  their  excefs  in  this  re- 
(pcft  is  not  great,  fmce  the  moft  fufible  of  the  former  clafs  equal  the  moft  refraftory  of 
the  latter.  The  glafTes  are  all  incomparably  more  fufible  than  the  original  ftones.  Thia 
laft  circumftance  has  long  been  known  as  a  fa£l ;  but  Sir  James  propofes  to  fuggeft  the 
theory  of  it,  and  of  all  the  peculiftities  which  occurred  in  thofe  experiments,  in  a  feoond 
communication  which  he  means  foon  to  lay  before  the  Society. 

It  is  obfervable,  that  the  lava  No.  12  is  fufible  at  18  ;  that  is,  it  refembles  in  this  pro- 
perty  the  moft  fufible  giaflcs.     And  it  is  in  fad  a  glafs  -,  for,  being  lifted  in  a  foft  ftatefroi» 
a  flowing  lava  of  Vefuvius  by  Sir  James  Hall,  it  quickly  cooled,  and  has  of  confequencc 
aflumed  the  vitreous  charafler  in  every  refpcft  :  for,  befides  its  eafy  fufibility,  it  polTeflcs. 
the  (hining  furface  and  frafture  of  glafs.     This  fubftance,  being  treated  like  the  artificial 
giaflcs  of  whin  and  lava,  cryftallizcd  like  thefe,  and  aflumed  the  charafter  of  a  ftony  lava, 
both  in  texture  and  in  difiicult  fufibility,  fince  it  foftened  only  at  35°.     Here  then  is  a 
proof  beyond  difpute,  that  the  ftony  charafter  of  a  lava  isoccafioned  folely  by  flow  cooling. 
Although  the  internal  ftrufture  of  lava  was  thus  accounted  for,  yet  Sir  James  was  em- 
barraflTed  with  the  ftate  of  its  external  furface  5  which,  though  cooled  in  contad  with  the 
open  air,  is  feldom  or  ever  vitreous,  holding  an  intermediate  ftation  between  glafs  and 
ftone ; — but  this  difiiculty  was  removed  by  a  circumftance  which  took  place  in  the  courfe  of 
thefe  experiments.     It  was  found  that  a  fmall  piece  of  glafs  of  any  of  the  lavas,  or  of  feveral 
of  the  whins,  being  introduced  into  a  muflUe,  the  temperature  of  which  was  at  any  point 
between  the  20th  and  the  224  degree  of  Wedgwood's  fcale,  the  glafs  became  quite  foft  ia 
the  fpace  of  one  minute ;  but,,  being  allowed  to  remain  till  the  end  of  a  fecond  mimite,  it  wa6> 
found  to  have  become  hard  throughout  in  confequence  of  a  rapid  cryftallization,  to  have 
loft  its  charafter  of  glafs,  and  to  have  become  by  12  or  14  degrees  more  infufible,  bein^ 
unaffe£led  by  any  heat  under  30,  though  the  glafs  had  been  fufible  at  iS^or  at  16.     Thi* 
accounted  for  the  fcoria  on  the  furface  of  lavas  ;  for  the  ftibftaace  ev.ea  at  the  furface,  beln^ 
in  conta£l  with  the  flowing  ftream  and  furrounded  with  heated  airj  could  not  cool  with 
cxceflive  rapidity  5  and  the  experiment  ftiows,  that  fliould  any  part  of  the  mafs,,  in  defcend- 
ing  heat,  employ  more  than  one  or  two  minutes  in  cooling  from  22  to  20,  it  would  in- 
fallibly lofe  its  vitreous  character. 

The  internal  phaenomena  of  volcanos  being  thus  explained  by  the  properties  of  common 
fire,  and  the  refemblance,  or  identity,  of  many  lavas  and  of  whinftone  being  thus  eftabliflw 
ed.  Sir  James  Hall  conceives,  that  the  powerful  arguments  advanced  by  Dr.  Hutton,  ta 
prove  the  igneous  origin  of  whinftone  and  other  mineral  bodies,  are  very  ftrongly  corrobo- 
rated  j  fince  thefe  experiments  fliow  that  thefi:  fubftanccs  may  have  been  formed  by  a  fimple 
cxtenfion  of  the  (Vme  caufes  which  continue  at  this  day  to  agitate  various  parts  of  our 
globe. 

Independently  however  of  any  allufion  to  fyftem  or  to  general  theory.  Sir  James  Halt 
flatters,  himfelf  th^t  thefe  experiments  may  be  of  fome  importance  by  fimplifying  the  hiftorv 
o£  Yokanos  §  and  a^bovc  all  by  fuperfcding  fome  very  extraordinary,  and,  he  ronceives^ 

F  p  1  unphilofophical 


'^SB  Itemarhihle  H'Mtuda  of  Kole/imc  ProJufff^ 

unphilofopliical  opinions  advanced  with  regard  to  volcanic  heat,  which  has  been  dated  at 
ponefTing  very  little  intenfity,  and  as  afting  by  fomc  occult  and  inconceivable  inBuence,  or 
with  the  help  of  fome  inviilble  agent,  fo  as  to  produce  liquidity  without  fuGon.  Thefc 
fuppofitions,  which  have  been  maintained  ferioufly  by  fome  of  the  mod  celebrated  na- 
turalifls  in  Europe,  have  originated  from  the  difliculty  of  accounting  for  the  ftony  charafter 
of  lavas,  when  compared  with  that  of  glafs,  which  they  adume  in  confcquence  of  fufion  in 
our  furnaces.  But  now  he  hopes  we  may  be  relieved  from  the  neccflity  of  fuch  violent 
efforts  of  imagination,  fince  the  pha:nomcna  have  been  fully  accounted  for  by  the  (imple 
-though  unnoticed  principle  of  refrigeration,  and  have  been  repeated  again  and  again  with 
cafe  and  certainty  in  a  fmall  chamber  furnace. 

TABLE. 
The  fufibilities,  according  to  Wedgwood's  pyrometer,  dated  in  the  following  table,  were 
afcertained  by  heating  the  fubftances  in  a  muffle,  in  which  they  could  be  diflindlly  ob-^ 
ferved,  while  expofed  to  the  a£lion  of  the  heat.  A  fmall  piece  of  the  fubdance  to  be 
•examined  being  put  into  the  muffle,  a  pyrometer-piece  was  placed  clofe  befide  it,  and  the 
heat  raifed  gradually.  The  fubdance  was  touched  at  intervals  with  a  ilender  iron  rod  ; 
.and  when  found  fo  foft  as  to  yield  eaGly  to  flight  preflure,  the  pyrometer  was  withdrawn^ 
and  meafured. 

[  All  the  whins  except  No.  7.  were  taken  from  their  original  rocks  in  the  neighbourhood  of  EdinVurgh*  J  • 
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Onginal 

fubftances 

foftencd. 

Glafs 
fofcened. 

CryftalUtc 
fofteoed. 

No.  !• 

Whin  from  a  quarry  on  the  Water  of  Ltitb, 

AO'AS 

175^5 

33 

No.  2. 

I 

Whin  of  the  rock  of  Edinburgh  CaftJc, 

4S 

24^22 

3J 

No.  3. 

Whin  of  bafaltic  columns— Hill  of  Arthur's  Seat, 

ss 

x8 

35 

No.  4* 

Whin  from  the  fouth  fide  of  Arthur's  Seat,  near 
Duddyftone, 

43 

24 

38 

No.  5. 

• 

Stone  of  the  nature  of  whin,  found  in  large  blocks 
in  the  bcdrof  Water  of  Leilhj 

SS 

16 

• 

37 

No.  5. 

Whin  of  SUlift)ury  Rock, 

S5 

24 

38540 

No.  7. 

Whin  of  bafaltic  columns,  StafFa, 

38 

— 

— 

No.  8. 

Lava  of  ^tna,  which  dedroyed  part  of  Catania  in 
1669, 

3+ 

20 

38 

No.  9. 

Lava  near  Piedmonte-^iBtaa, 

3* 

iS 

36 

No.  10. 

Lava  of  La  Motta  di  Catania — ^^tna, 

38}42 

18 

36 

No.  II. 

Lava  of  Torre  del  Greco — Vcfuvius, 

40 

18 

27;a8 

No.  13. 

1 

Lava  lifted  red  hot  ftom  a  flowing  ftream  on  Vcfu- 
vius, by  Sir  James  Hall, 

■ 

18 

18 

3$ 

No.  13. 

Lava  from  Iceland, 

35 

15 

43 

Tcdafh  and  Soda  Jbund  in  Volcanic  Produlth 
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On  the  Afialyfis  of  Pumicf^  which  is  found  to  contain  Potn/h\  and  oj  Bnfaltes  and  Lava  containing 

Soda,     -By  Dr.  Kennedt*. 


o 


Nthe  jih  of  Fel^ruary  170^,  an  atialyfis  of  pumice  was  cdmmuntcatcd  to  the  Royal  So* 
cicty  of  Edinburgh  by  Dr.  Kennedy.  By  this  analyfis  he  fliewed  that  the  pumice  contained 
potafti  as  one  of  its  component  parts.  The  fpecimen  analyfcd  was  of  the  common  kind, 
having  a  fibrous  texture  and  a  fiiky  luftre.  By  a  heat  of  60^  of  Wedgwood,  it  was  convert- 
ed into  a  kind  of  glafiy  enamel  •,  and  in  a  mufHc,  even  at  a  heat  of  7,'$  or  40,  was  fo  far 
altered,  that  its  fibrous  texture  could  no  longer  be  diftinguiflied.  Beficfcs  potafli,  it  contain- 
ed filex,  argill,  and  a  fmall  quantity  of  iron  ;  but  no  lime  or  magnefia. 
'  Several  other  varieties  of  the  common  kinds  of  pumice  ufcd  in  the  arts,  were  found  as 
fufible  as  the  fpecimen  above  mentioned,  and  gave  the  fame  kind  of  glafly  enamel. 

The  refult  of  the  analyfis,  with  refpcfl  to  the  earths  and  iron,  correfponds  very  nearly 
with  the  refult  of  Mr.  Klaproth*s,  publilhed  in  the  2d  vol.  of  his  Beitrage ;  only  he  did  not 
find  potafli  in  the  fpecimen  he  analyfed ;  in  which,  however,  there  was  probably  fome  faline 
fubftance  -,  for  the  fame  kind  of  pumice  melted  in  the  porcelain  furnace  of  Berlin ;  in  wliich 
a  compound  confiding  only  of  filex,  argill,  and  a  minute  portion  of  iron,  would  certainty 
not  have  melted.  The  heat  of  this  furnace  was' 1 36  of  Wedgwood.— Sec  Klap.  Beytr,  v6l.  id, 
p-88.  ' 

On  the  6th  of  Auguft  Dir.  Kennedy  announced  to  tlie  Society,  that  he  had  difcovcirci' 
mineral  alkali  in  fevcral  varieties  of  bafaltes  or  whinftonc.  He  found  by  chemical  arialylTsfi 
that  the  alkali  cxifted  in  thcfc  fubftanccs  in  a  ftatc  of  very' intimate  combination  with  their 
earthy  bafes;  and  that  it  was  with  difficulty  feparated,  even  by  the  firongeft  acids* 

Dr.  Kennedy  alfo  abalyfed  a  fpecimen  of  lava  from  j£tna,  at  the  requefl:  of  Sir  Jamet 
Hall,  who  thought  it  extremely  probable  that  alkali  would  be  found  in  lava,  as  well  as  in 
bafaltes,  on  account  of  the  great  refemblance  which  thefe  two  fubftances  have  to  each  othdr^ 
both  in  external  appearance  and  ifi  many  chehiical  properties.  The  fpecimen  was  bix>keiS> 
by  Sir  James  Hall  and  Dr.  Horoe^  from  the  celebrated  current  of  lava  which  in  1669  de«' 
ftroyed  part  of  the  town  of  Catania.    It  was  founi,  like  the  bafaltes^  to  contain  foda« 

One  of  the  fixed  alkalis^  potafh,  has  already  been  difcovered  in  ftony  fubftances  by  the 
celebrated  Mr.  Klaproth,  to  whom  the  world  is  indebted  for  fo  many  arialyfes  performeci' 
with  the  greateft  (kill.  The  experiments  above-mentioned  (how,  that  the  other  fixed' 
alkali,  foda,  likewife  exifts  in  (lony  fubftances. 

•  •  •    • 

*  Abftradt,  by  £ivour  of  the  Andior.   Thit  paper  will  appear  in  the  5^  vol.  of  the  Edinburgh  Tkanfaftioak 
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apO.  Preparation-  of  the  Oxygenated  Muriat  of  Potafi^ 

Experiments  and  Ohfervations  on  the  Preparation^  andfome  remarkable  Properties  of  the  Oxygenated 

Muriat  of  PoUafb.     By  Mr.  ThoMAS^  HoTLMyjun,  * 

XjLA  VING  an  opportunity  in  preparing  the  oxygenated  muriatic  acid  for  the  purpofe 
of  bleaching,  by  a  fmaU  exteniioa  of  the  apparatus,  to  prepare  Ukewii'e  the  oxygenated' 
nauriat  of  potafh,  and  to  make  experiments  on  that  fubftance,  t  have  been  induced  to  digefl: 
the  mod  material  fa£ls  and  ohfervations  which  occurred,  and  to  lay  them  before  the  Society  : 
efpecially  as  I  do  not  find  much  on  the  fubje£):  in  the  writings  of  others,  and  as  many  have 
probably  been -deterred  from  the  inveftigation  by  the  exorbitant  price  o£  the  article,  and  by 
fome  apprcheniions  of  danger  attending  it. 

A  few  experiments,  which  are  not  new,,  have  been  introduced,  in  order  to  bring  under 
one  point  of  view  the  principal  chemical  £a£l&  which  xelate  to  this  fait.  I  have  given  in. 
mod  cafes  an  exa£^  account  of  the  quantities  of  the  di&rent  ingredients  compofing  the. 
mixtures;  and  as  perfons  not  much  accuftomed.to  fuch  experiments  may  be  inclined  to« 
repeat  fonie  of  them,  I  would  caution  them  not  to  ufe  greater  quantities  than  are  hcrefpecifiedy, 
particularly  where  the  terms  violent  detonation,  explofion,  &c.  are  employed. 

I  would  not  by  any  means  wifli  it  tp  be  underilood  that  I  have  exhaufted  tlie  fubje£t  :- 
many  more  experiments  and  much  labour  and  ailiduity  are  required,  before  the  nature  and 
ufes  of  fo  adive  a  fubdance  can  be  fully  afcertaihed. 

I  find  it  has  been  introduced  into  medicine  with  fuccefs  ;  and  I  hope  its  good  tStOis  in 
that  refpe£l  will  not  be  fruftrated  by  the  high  price  of  the  article,  as  it  may  be  procured  at  a; 
much  cheaper  rate  than  it  is  commonly  chaig.ed«. 

I.  On  the  Preparation  of  tin  Salt,  and  its  Solution  in  VTater  and  the  Acidsi 

Finding  that  a  quantity  of  gas  efcaped  occafionally  from  our  apparatus  for  making  the: 
new  bleaching  liquor,  ^ore  efpecially  when  the  fire  was  not  properly  managed,  or  whem 
bqr  doy  other  means  a  greater  quantity  of  gas  was*  prodtieed  than  the  liquor  could,  abforb  ;: 
I  thought  it  would  be  ufeful  to  adapt  to  the  large  apparatus  a  fmaller  one,  in  which  this. 
'  •<  fupcrlluotts  gas  might  be  condenfed ;  as  the'efcape  of  it  was  fometimes  difagreeable  to  the* 

^  workmen.    This  I  did  by  filling  an  earthen-ware  bottle  with  a  ftrong  folution  of  potafli  in, 

water  (confiftiiig  of  about  three  pounds  of  alkali  to.  the  gallon),  which  I  found,  entirely  re-. 
liered  us  from  the  difagreeable  fmell  we  frequently  experienced  before,  and  at  the.  fame 
time  yielded  a  confiderable  quantity  of  the  oxygenated  muriati  Though,  the  production  o£ 
the  oxygenated  muriat  in  this  way  be.  (bmewhat  precarious,  defending  upon  the  manage-, 
.mentof  the  perfon  who  conduAs  the  procefs  (it  be\ng  the  bleacher's  intereft  to  condenfcL 
the  whole  of  the  gas  in  the  liquor  he  wants  for  his  bufinefs)  \  yet  \  think,  if  the  portion, 
which  commonly  efcapes  were  thus  difpofedof,  a.  confiderable  quantity  of  this  fait  might  bb 
fliade  by  bleachers  with  little  additional  expence,  except  what  is  incurred  by  the  purchafe- 
«f  the  alkali,  and  fome  more  labour  and  attention.  At  fome  of  my  firft  trials^  about  two^ 
years  ago,  I  found  the  gas  which  efcaped  from  the  materials  of  one  diftillation  fufficient  to. 
fiiturate  two  gallons  of  the  alkaline  folution,  from  which  I  procured  about  fix  ounces,  and; 
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fomctimcstnore  of  the  fait,  after  being  purified  by  feveral  cryftallizations.  But  having  made 
fome  alteration  in  the  apparatus,  I  now  find  that  the  fame  quantity  of  alkali  may  remain 
for  three  or  four  diftillations  before  fufficient  gas  be  furnifticd  to  form  the  fait ;  Except  the 
perfon  employed  be  remarkably  inattentive  to  his  duty.  I  confider  this  as  a  valuable  im- 
provement, the  making  of  the  fait  being  only  a  fecondary  objeft.  The  fait  vfc^as  chiefly 
formed  during  the  diftillatlon.  The  alkali  became  warm  toward  the  latter  end  of  the 
procefs,  efpecially  if  tlie  abforptlon  of  gas  was  very  rapid,  a  quantity  of  caloric  being  dif- 
cngaged.  In  this  cafe,  a  confiJerable  part  of  the  fait  foon  cryftallized,  on  the  lixivium  be- 
ing fet  in  a  cool  place,  and  a  great  deal  of  gas  appeared  to  efcapc  ;  which  on  one  occafion  1 
collefled,  and  found  that  it  precipitated  lime  from  its  folution  in  water,  and  extinguifhctt 
flame  :  and  therefore,  though  it  had  a  flight  fmell  of  the  oxygenated  muriatic  acid  gas,  I 
believe  that  it  confided  chiefly  of  carbonic  acid,  as  the  former  occafions  no  prefiipitation  of 
lime  water,  which  the  latter  uniformly  does.  A  glafs  jar  containing '32  ounce  meafures 
of  this  gas,  being  left  over  water  one  night,  was  reduced  to  about  one  fourth  its  bulk.  The 
gas  that  remained  feemed  to  contain  more  oxygene  than  the  air  of  the  room;  two  mea- 
fures of  it,  with  one  of  nitrous  gas,  gave  1.53,  whilft  an  equal  quantity  of  common  siir 
gave  1.9. 

Before  any  of  the  fait  appeared  to  be  formed  in  the  alkaline  folution,  I  have  conftantif 
obferved  a  quantity  of  earthy  matter  to  be  precipitated.    This  was  carefully  feparated  from 

the  fait,  and,  after  being  wafhed  repeatedly  in  boiling  water,  was  fuffcrcd  to  dry  ;  but  not 

»» 

having  examined  it  with  fufficient  minutenefs  to  fay  what  it  is,  I  fliall  content  myfelf  at  prc-- 
fent  with  dating  fome  of  its  properties.   It  did  not  detonate  with  fulphur,  and  was  totally  or' 
nearly  infoluble  in  water.     The  fulphuric  acid  diffblved  it,  and  gave  evident  figns  of 
muriatic  acid,  which  appeared  to  be  flightly  oxygenated.     After  being  cxpofed  to  a  red 
heat  for  half  an  hour,  the  above  properties  (till  appeared  the  fame,  except  with  the  fulphuric 
acid.     I  thought  the  gas  that  was  difengaged  had  more  of  the  fmell  of  fimple  muriatic  acid' 
gas,  though  along  with  it  a  little  of  the  oxygenated  gas  might  be  perceived.    The  muriatic 
acid  did  not  appear  to  diflfblve  any  of  this  fubftance,  either  before  or  after  its  calcination. 
With  the  nitrous  acid  a  ftrong  fmell  of  the  oxygenated  muriatic  gas  was  produced.     From 
a  dram  of  this  fubftance  in  an  earthen  retort  expofed  to  a  ftrong  heat,  about  fix  ounce- 
meafures  of  gas  were  produced,  coniifting  of  a  mixture  of  carbonic  and  azotic  gas,  the' 
latter  of  which  was  in  the  grcateft  quantity,  forming  by  eftimate  about  three  fourths  of  the ^  ^ 

whole. 

The  form  of  the  cryftals  that  firft  appeared  in  the  folution  of  alkali  were  quadrangular 
phtcs  :  what  were  afterwards  formed,  when  the  lixivium  became  cool,  were  needle-like,  as 
were  thofe  that  were  produced  by  fpontancoufly  evaporating  the  remainder  of  the  ley :  they 
appear  to  have  the  fame  property  of  detonating  as  the  firft,  Thefe  different  forms  of 
cryftafs  appeared  on  diflblving  tKe  fait  in  hot  water,  and,  when  cold,  fcparating  the  |Blt>  itid 
fuff^ering  the  water  to  evaporate  fpontancoufly. 

I  frequently  obferved,  that  unlefs  the  alkali  began  to  part  with  a  confiderable  portion  of 
gas  without  the  admiltion  of  any  from  the  apparatus,  little  or  none  of  the  oxygenated 
muriat  was  procured ;  and  that  as  this  gas  (which  I  have  before  obferved  to  be  chiefly  the 
carbonic  acid)  efcaped,  the  cryftallization  took  place,  andincreafed  or  dimioiflied  according 
19  the  evolution  of  that  gas.    This  I  found  uniforinly  die  cafe^  whether  mild  or  cauftic 
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alkali  was  employed.  A  given  quantity  of  the  ftrong  folution  of  potaih  appeared  tq  pro- 
duce more  of  this  fait  than  the  fame  quantity  of  a  folution  of  pearlafli  of  the  fame  fpectfic 
gravity.     ^ 

The  remaining  lixivium,  on  evaporation,  did  not  yield  this  fait,  though  a  muriat  of 
potafli  was  formed,  that  appeared  to  be  conGderably  oxygenated  :  fince,  with  the  addition 
of  the  fulphuric  or  muriatic  acid,  it  became  a  very  powerful  deftroyer  of  vegetable  colours; 
it  would  not  detonate  with  fulphur,  or  inflame  combuftible  fubitances,  with  acids  ;  it  was 
very  foluble  in  water,  much  more  fo  than  the  muriat  firft  formed  from  the  fame  alkali. 

I  may  here  remark,  that  I  think  the  French  chemifts  were  right  in  calling  the  firft  fait 
the  hyperoxygcnated  muriat,  as  the  fait  laft  mentioned  is  certainly  oxygenated  in  fome  dc- 
^ee :  however,  in  the  following  experiments  I  (hall  ufe  the  term  oxygenated  muriat,  when 
fpeaking  of  the  fait  formed  during  the  diftillation,  and  on  cooling  the  lixivium  after  being 
faturated  with  the  gas. 

J^fP^^^^'^^  !•  O"^  P^'^'  °f  *^^  oxygenated  muriat  of  potafh  required  about  feventcen 
parts  of  water  at  the  temperature  of  bo\  to  diflTolve  it ;  whilft  five  parts  of  boiling  water 
diflblyed  two  of  the  fait.  Repeated  folutions  did  not  appear  to  injure,  but  rather  to  increafe^ 
its  detonating  property.  The  cryftals  became  much  whiter ;  and  a  quantity  of  the  earthy 
matter  before  mentioned  wasfeparated  at  every  fre(b  cryftallization. 

Experiment  II.  A  quantity  of  this  fait  was  put  into  a  bottle,  and  placed  in  a  fituation 
much  ezpofed  to  the  light :  after  being  kept  there  more  than  twelve  months,  it  did  not  ap- 
pear ^o  have  loft  any  part  of  its  detonating  property.  This  fa£l  is  contrary  to  ChaptaTs 
mflertion,  that  the  mere  impreQion  of  light.is  fufficient  to  decompofe  it  *• 

Experiment  III.  Water  faturated  with  this  fait  was  expofed  to  the   light  for  fevcral 
iBODtJbSi  without  appearing  to  be  at  all  changed.     It  was. put  into  a  bottle  with  a  ground. 
Hopper  and  tube,  to  which  an  apparatus  was  adapted  to  receive  any  gas  that  might  come. 
over ;  but  no  gas  whatever  was  difeng^ged. 

Experiment  IV..  Sixty,  grainy  of  fait  were  fufed  by  the  heat  pf  a  lamp  in  a  bottle  with  a^ 
ground  ftopper  and  tube.  .After  having  been  kept  in  a  fluid  ftate  for  about  half  an  hour,  I 
found  that  it  had  loft  two  grains  in  weight,  and  that  a  fmall  quantity  -of  air  was  given  outj . 
which  proved  to  be  oxygenous  by,  the  teft  of  nitrous  gas.  The. fait  which  had  been  malted 
would  ftill  detonate  with  fulphur,  &c.  T^e  lofs  of  weight  was,  I  am  inclined  to  think, 
chiefly  owing  to  the  efcape  of  the  water  of  cryftallization  ;  for  the  fait  when  cool  had.  loft 
its  tranfparency. 

Experiment  V.  From  forty  grains  of  the  fait  in  an  earthen  retort,  I  procured  by  the  ap- 
plication of  heat  about  thirty-fix  cubic  inches  of  oxygenous  gas ;  the  evolution  of  which . 
^^Mras  very  rapid,,  and  coinmenced  as  foon  as  the.  retort  became  flightly  red.    Forty  grains 
expofed  in  2l  crucible  to  a  ftrong  red  heat  appeared,  from  the  mean  of  two  experiments,  to  . 
have  loft;  about  Seventeen  grains  in  weight.    The  remaining  muriat,  being  afterwards 
thrown  into  the  fulphuric  acid,  produced  a  very  ftrong  fmell  of  oxygenated  muriatic  acid  ; 
from  which  I  inferred  that  the  whole  of  the  oxygen  had  not  been  expelled  by  the  heat; 
whence  the  oxygenated  muriat  of  potafli  may,  I  think,  be  ftated  to  contain  about  half  its^ : 
weight  of  oxygen  in  a  concrete  ftate. 

•  Elements  of  Ghcmiftiy,  i.  250, 
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Experiment  VI.  Strong  nitrovis  acid  difengaged  the  oxygenated  muriatic  acid  from  thi^ 
lalt.  Diiring  the  folution  of  two  or  three  grains  of  the  oxygenated  muriat  in  this  acid,  a 
grain  or  two  of  phofphorus  was  dropped  into  the  glafs  containing  the  mixture  ;  when  a 
nulmber  of  vivid  flaffaes  appeared  in  the  liquor,  darting  forth  at  intervals  for  a  confiderable 
time.  This  is  one  of  ''the  moft  ftriking  experiments  I  ever  faw  5  but  a  little  caution  is 
neceflary  in  performing  it,  the  phofphorus  being  fometimes  thrown  out  of  the  mixture  *. 

Experiment  VII.  The  muriatic  acid  diflblved  this  fait,  a  great'  deal  of  the  oxygenated 
ncid  being  given  out.  A  few  grair  j  of  the  fait  added  to  an  ounce  of  the  acid  rendered  it  a 
very  powerful  deftroyer  of  vegetable  colours.  This  mixture  may  probably  be  ufed  with 
advantage  in  taking  (lains  of  ink,  &c.  out  of  linen  or  cotton. 

Phofphorus  added  to  this  acid  along  with  the  fait  did  not  produce  the  fame  eSe£l  as 
with  the  nitrous  acid ;  no  light  appearing,  as  in  the  lad  experiment. 

Experiment  VIII.  On  putting  a  little  of  the  fait  into  the  fulphuric  acid,  a  violent  crack* 
ling,  or  a  great  number  of  fmall  explofions,  took  place,  and  a  very  flrong  fmell  of  nitrous 
gas  was  produced  ;  the  mixture  at  the  fame  time  aiTuming  an  orange  colour,  which  difap- 
peared  after  it  had  flood  a  ftiort  time.  A  very  fmall  piece  of  phofphorus  having  been 
dropped  on  about  two  grains  of  the  fait  (previoufly  thrown  into  the  acid),  an  cxplofion  im- 
mediately took  place,  which  blew  out  a  great  part  of  the  mixture  upon  my  hand;  an  ac- 
cident that  might  have  proved  feribus  if  I  had  not  had  water  near  me. 

Experiment  IX.  Finding  a  great  quantity  of  gas  to  be  difengaged  from  this  fait  by  thtf 
fulphuric  acid,  which  had  a  very  ftrong  fmell  of  nitrous  gas,  I  put  forty  grains  of  the  fillt 
into  a  glafs  retort,  and  poured  upon  it  nearly  an  equal  weight  of  fulphuric  acid  diluted 
with  water.  With  the  heat  of  a  lamp  the  gas  began  to  come  over  very  rapidly,  and  was 
received  in  a  glafs  jar  placed  in  a  bafon  of  water.  A  conliderable  portion  of  it  appeared 
to  be  abforbed  by  the  water,  which  squired  a  yellowKh  colour.  This  colour  difappeared  on 
{landing  a  few  days,  and  a  brown  matter  was  dcpoCted,  which  being  carefully  colle£led 
and  dried  weighed  one  grain,  and  apjpeaired  to  be  manganefe  \  for  a  little  of  it,  being  put  into 
the  muriatic  acid,  fo  far  oxygenated  it  that  it  would  dedroy  the  blue  colour  of  a  diluted 
folution  of  indigo  in  the  fulphuric  acid.  The  precipitate  before  mentioned,  th^t  was  firft 
produced  in.  the  alkali  employed,  did  not  appear  to  have  this  pffef^.  The  quantity  of  this 
fediment  that  I  had  an  opportunity  of  coIle£ling  was  fo  fmall,  that  I  could  not  try  many 
other  experiments  with  it :  indeed  I  did  not  always  fucceed  in  procuring  it;  for  I  found 
that,  unlefs  the  difengagement  of  the  gas  was  very  rapid,  but  little  of  it  could  t>e  ob- 
tained. 

Experiment  X.  On  two  drams  of  the  fait  in  a  glafs  retort,  I  poured  an  equal  weight  of 
ftilphuric  acid  diluted  with  a  little  water,  and  adapted  the  retort  to  Woulfe's  apparatus^ 
The  heat  pf  ahmp  was  applied  j  ;ind  prefently  the  gas  began  to  efcape,  and  was  abforbed 
by  the  waiter  in  a  confider^ble  quantity  »  to  which  it  communicated  a  .yellqwifli  colour, 
and  a  liquid  began  to  trickle  down  the  neck  of  the  retort  into  the  receiver.  This  had  con- 
tinued but  a  fhort  time  before  a  violent  explpGpn  took  pjiace,  which  broke  the  retort  and 
two  of  the  receivers  to  pieces,  together  with  fevcral  other  glaiTes  which  were  on  the  table. 
This  was  feveral  timies  repeated,  butwith  more, caution  than  befpre;  and  I  always  found, 

*  This  curious  ejjpcrimcnt  was  firft  noticed  by  J.  Col  Her,  and  was  coimmnilcated  hy  him  ro  the  Society 
fomie  time  ago.  *  '  •     '    .  '     -       'tr' 
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that,  when  the  mixture  acquired  -a  certain  degree  of  heat  an  cxplofion  certainly  took  pface^ 
except  the  retort  had  a  pretty  wide  neck,  and  the  neck  was  fimply  introduced  into  a  re^ 
ceiver  with  a  confi^lcrable  opening  in  it  without  any  lute  j  or  put  into  water,  as  in  the  laft 
experiment ;  and  even  in  this  cafe  I  would  not  advife  fo  much  of  the  fait  to  be  ufed  at  one 
tin>e  as  is  here  mentioned.  1  he  fmall  quantity  of  acid  I  was  able  to  colleft  in  this  way, 
by  adapting  a  loofc  receiver,  appeared  to  be  a  weak  muriatic  acid  (lightly  oxygenated  ;  it 
was  of  a  dilute  purple  colour,  which  difappeared  on  its  being  expofcd  a  (hort  time  to  the 
light  :  a  fmall  piece  of  iron  dropped  into  it  caufed  it  to  become  tranfparent  immediately. 

It  was  a  matter  of  much  furprife  to  me,  to  find  fo  ftrong  a  fmell  of  nitrous  gas  produced 
on  decompoCnf^  this  fait  with  fulphuric  acid.  Now^  as  nitrous  gas  confifts  of  azot  and 
oxygen,  fuppof^ng  this  to  be  nitrous  gas  (for  I  do  not  afTert  it  to  be  fo,  though  I  (hould 
think  the  fnK'Il  in  this  inftance  an  almoft  fufficient  criterion),  whence  comes  the  azot  ?  At 
firft  I  thought  it  might  come  from  a  decompofitionof  the  alkaline  bafc  of  the  fait ;  as  feme 
chemifts  hr.ve  imagined  the  vegetable  alkali  to  be  compofed  of  lime  and  azot :  in  that  cafi.^ 
I  expedled  the  refiduum  would  have  been  the  fulphat  of  lime  ;  but  I  found  it  to  be  chiefly 
fulphat  of  potafli,  with  a  little  of  the  oxygenated  muriat  that  remained  umlecompofed 
along  with  it.  At  prefent  I  fliail  not  hazard  any  opinion  refpefling  the  origin  of  this  ni- 
trous fmell ;  but  hope  fome  experiments  I  am  at  prefent  engaged  with  wilt,  if  I  can  find 
titQie  to  profecute  them,  throw  fome  light  upon  this  fubje£):« 

II.  On  the  Ditonatkn  and  Itifiammatkn  of  combuftibU  Suhftumces  with  the  Salt  produced  ty 

Friifion  and  the  Acids. 

THE  detonating  properties  of  this  fait  were  tried  with  various  fubflanccs  in  the  following- 
experiments  :  the  different  mixtures  were  intimately  combined  by  gently  rubbing  them  in 
ai  ftone-ware  mortar :  after  this  was  done,  one  fmart.ftroke  acrofs  the  mixtures  would  caufe 
the  whole  of  fome  of  them  to  explode  at  dnce,  and  bthers  fucceflively  by  repeating  the 
friAion.  The  fulphuric  acid  inflamed  moft  of  thefe  mixtures  of  the  fait  with  combuftible. 
fubftances :  the  nitrous  acid  alfo  had  the  fame  effe£%  with  fome  of  them. 

Experiment  L  with  Phojphorus.  Half  a  grain  of  this  fubftance  rubbed  with  the  fame 
weight  of  the  fait  produced  iriolent  explofion  with  flame*  I  apprehended  it  would  be 
dangerous  to  ufe  much  greater  quantities,  as  the  phol);>horus  iis  frequently  thsown  out  witti 
violence  before  it  is  confumed.  The  fulphuric  acid  inflamed  this  tnixtare,  as  I  have  before 
ftated. 

Experiment  II.  with  Charcoal.  Two  grains  of  fah  with  one  of  charcoal  intimately  mfxed, 
and  perfeQly  dry,  produced  by  a  fmart  ftroke  a  ftrong  flame  without  much  report.  The 
fulphuric  and  nitrous  acids  inflamed  this  mixture,  the  lattec  with  mod  rapidity. 

Experiment  III.  with  Pit^oaL  A  grain  of  dry  pit-coal  rjubbed  with  rfle  fvnc  quantity  of 
the  fait  produced  fparks  and  fome  (mall  reports.  With  half  the  quantity  of  coaFthe  reports, 
were  much  louden 

The  fulphuric  acid  added  to  about  twenty  grams  of  the  ftit  with  ten  of  the  coal,  pro- 
duced a  bright  red  flame  rifingjip  to  a  confiderable  height. 

Experiment  IV.  with  Sulphur.  A  grain  of  the  fait  rubbed  with  half  a  grain  of  fulphur 
produced  a  very  loud  report,  attended  with  flame  and  a  Itvong  fmell  of  fulphureous  acid. 
Vhea  the  fulphur  was  reduced  to  a  quarter  of  a  grain,  the  explofion  was  not  made  at  once 
*  as 
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a»  l)?rore,  but  fucceflively.  Whcr.  ihc  proportion  of  fulphur  waa  increafcd  to  three  fourtlis 
of  a  grain,  it  produced  a  very  I'd  J  report,  much  the  fame  as  the  firft  ;  and  the  whole  ap- 
pc;ircd  lu  ciiplodE  at  once-  Equal  parts  of  fulphur  and  the  fait  did  not  caufe  fo  ftrong  re- 
pons  as  when  a  Icfa  quantity  of  fulphur  was  employed  :  thii  miiiure  exploded  fuccelGvely. 
The  fulphucic  and  nitrous  ncids  inflamed  it. 

Experiment  V.  vj'uh  Suli>hurtl  cf  Pi!.ijb.  One  grain  of  the  fait  rubbed  witli  the  fame 
weight  of  this  fubflance  produced  a  very  loud  ejtploiion  with  flame.  With  half  a  grain  of 
liic  fulphurtt  I  thought  the  report  fully  as  violent.  .\  little  of  thefe  mixtures  melted  over 
the  fire  had  not  the  cfTedV  of  the  fulminating  powiier  m^idc  with  nitre.  It  on'y  emitted  11 
llafh  without  any  report,  nor  was  I  able  to  produce  a  fulminating  mixture  by  varying  the 
proportions  of  the  fait,  olkalt  ,ind  fulphur-  The  fulphuric  or  nitrous  acids  dropped  oa 
this  mixture  gave  a  very  llrong  bright  flame. 

Experimrni  VI.  wilb  Sulphiirrt  of  Mercury.  {Cinnabar.)  Equal  parts  of  lliis  fubflsncc 
and  of  the  fait  detonated  fucceflively  by  friclion,  a  grain  of  each  being  ufcd.  A  change  of 
proportion  appenied  to  weaken  the  detonating  property  of  ihc  mixture.  The  fulphuric 
acid  inflamed  this  mixture,  but  not  fo  rapidly  as  in  the  laft  experiment.  The  nitrous  acid 
did  not  inflame  it. 

ExperimriiS  VII-  luUh  Salphuret  cf  Jr/enic.  (Orpiment.)  A  grain  or  two  of  the  fait  rubbed 
with  an  equal  weight  of  this  fubftancc  produced  little  more  than  a  flath  j  but  a  grain  of  tlic 
fait  with  half  a  grain  of  the  fulphurct  gave  a  ftrong  report,  though  very  little  friction  was 
ufcd.  Reducing  the  quantity  of  fulphuret  to  a  quarter  of  3  grain,  the  explofioas  were 
weak  and  fucccfiive.  A  larger  quantity  of  this  mixture  than  is  mentioned  above  makes  a 
report  which  is  very  unpleafant,  with  confidcrable  flame.  I  waa  greatly  furprifcd,  the  firft 
time  I  made  the  experiment  with  two  or  three  grains  of  the  fait  and  a  portion  of  the  ful- 
phurct, by  their  exploding  in  a  motl  violent  manner,  though  a  very  flight  friction  had  been 
ufcd,  The  fulphuric  or  nitrous  acids  gave  a  very  firong  flame  the  moment  they  were 
dropped  upon  thi»  mixture. 

Experiment  VIII.  with  Cstton-vjoel.  A  fmall  quantity  of  very  dry  cotton- wool  was  rubbed 
with  a  little  of  the  fait  j  no  detonation  took  place.  The  wool  was  afterwards  dropped  into 
the  fulphuric  acid)  and  took  lire  immediately ;  but  the  nitrous  acid  would  nOt  inflame  it. 

Experiment  IX.  ^mth  LMj-Jugar-  One  grain  of  this  fubllancc  rubbed  with  two  of  the 
faJt  gave  a  number  of  fucceffn'e  reports.  The  fulphuric  or  nitrous  acids  dropped  on  thit 
mixture  inllantly  produced  a  IVrong  flame  afccnding  to  a  conliderable  Iieight- 

E.periment  X.  fu/iih  fixed  and  effentiol  Oils.  A  few  drops  of  fpermaccti  oil  rubbed  wi;lj  n 
grain  or  two  of  the  fall  produced  a  number  of  loud  reports.  The  fulphuric  acid  iaflan,:d 
ibis  mixture  I  the  nitrous  acid  did  not. 

Oliye  oil,  the  elfemial  oils  of  tofcmary,  juniper,  cloves,  earraway,  anifccd,'  cinnamon, 
■  outmeg,  amber,  mint,  and  cfieiice  of  lemon,  were  tubbed  with  the  fait :  all  of  them  dc- 
tonatcd  fucceiTivcly,  and  fuch  of  the  mixtures  as  were  tried  took  fire  with  the  fulphuric  acid. 
ExperiiHt-ril  XI.  •wiffi  Spirit  ef  7urpenti'i(.  A  few  drops  of  fpitit  of  turpentine  rubhcj 
with  a  iiitlc  of  ihc  fait  detonated  in  much  the  fame  manner  as  the  fubftanccs  ufed  in  the 
laft  experiment-  The  fulphuric  acid  dropped  on  this  mixture  produced  a  ftrong  flame,  with 
a  clr:ud  of  very  black  fmokc. 

jLAferimerif  XII.  with  Comphtr.  A  Ultlc  of  this  fubftucc  on  being  rubbed  with  a  graiu 
r,  Q.<1  a  of 
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of  the  fait  produced  a  number  of  fucceffivfe  detonations*  The  fulphutic  ^cid  produced 
flame  with  feme  explofions. 

Experiment  XIIL  ivith  Roftn,  One  part  of  this  fubftance  with  two  parts  of  the  fait  de- 
tonated fucceflively  when  well  rubbed  together.  The  fulphuric  acid  inflamed  this  mixture, 
but  the  nitroui  acid  did  nor. 

E^pemnefit  XIV*  ivith  Gum-Jrahlc,  The  detonations  were  very  flight.  It  was  mixed 
with  twice  its  weight  of  the  fait.  The  fulphurie  acid  fet  fire  to  the  mixture,  but  the  ni- 
trous acid  would  not. 

ExperiwetJt  XV.  ivith  Pritjftan  Blui»  No  detonations  whatever  were  produced  by 
friflion,  nor  did  the  acids  inflame  a  mixture  of  this  fubftance  with  the  fait*. 

Experivient  XVI.  tvith  Indigo,  Half  a  grain  of  fine  Spanifli  indigo  rubbed  with  a  grain 
of  the  fait  detonated  fucceflively,  like  the  mixture  with  rofin  or  gum.  The  fulphuric  acid 
Inflamed  this  mixture,  but  the  nitrous  acid  did  not. 

r 

Experiment  XVII.  ivith  Ether.  A  few  drops  of  ether  on  about  two  grains  of  the  fait 
rubbed  to  a  very  fine  powder  produced  no  detonation  by  fri£lion.  The  fulphuric  or  ni- 
trous acids  poured  fuddenly  upon  it  produced  flame. 

Experiment  XVIII.  ivith  Iron-filings,  Thefe  alone  rubbed  with  the  fait  produced  no  de- 
tonation by  fimple  friftion  5  but  two  grains  of  the  fait,  one  grain  of  fron-filings,  and  half 
a  grain  of  fulphur,  being  well  rubbed  together,  aboiit  a  quarter  of  a  grain  of  this  mixture  ex- 
ploded violently  with  friftion.  The  fulphuric  acid  added  eaiifed  a  fWv  fparks  to  Appear  ; 
but  the  nitrous  acid  did  not  produce  any.  Varying  the  above  proportions  did  not  appear  to 
improve  the  detonating  property  of  the  mixture. 

Experiment  XIX.  with  Aurum  Mufivum,  Equal  parts  6f  this  fubdance  and  of  the  fait 
detonated  llrongly  with  flame,  on  bei^  tubbed  together  !n  an  iron  mortar :  a  very  flight 
frldion  was  neceflary.  The  fulphuric  acid  gave  a  (inall  fiame,  but  with  the  nitrous  I  could 
not  procure  any. 

From  the  foregoing  experiments  I  think  we  may  venture  to  cdntrlude,  that  the  oxy-- 
genated  muriat  of  potafh  is  equally  harmlefs  as  commop  nitre ;  except  it  be  brought  into  an 
intimate  union  with  fomething  that  has  a  greater  aflBnity'with  one  of  its  conftitueat  parts^. 
than  exiils  between  thofe  pares  when  comBirved  in  the  fait,  and  that  fome  combuftible  fub* 
ftance  be  prefent :  but  its  oxygeii  being  fo  eafily  difengajged  renders  a  little  caution  necef-^ 
fary ;  and  as  the  fulphuric  or  nitroUs  acids  feeni  fe^  'i^adily  to  inflame  many  of  the 
mixtures,  I  would  not  advife  any  peirfoh  to  make  more  of  them  than  is  neceflary  for  tmme* 
diate  experiment.  This  precaution  may  prevent  any  unpleafant  ctrcumftance  from  acci- 
^ntal  mixture  with  the  acids,  which  appear  to  difengage  a  great  patto'f  the  oxygen  almofl: 
inftantaneoufly. 

I  ihall  not  fay  much  about  the  theory  of  thefe  detonations^  nont  of  the  foregoing  experi*^ 
ments  having  been  fo  carefully  condu£led  as  to  determine  accutately  what  changes  took 
place ;  yet  I  think  we  may  attempt  to  explain  fome  of  them  in  the  following  manner :  With: 
pbofphorus  the  oxygen  feems  to  combine,  and  form  phofphoreous  acid  gas,  or  phofphoric 
acid  I  with  fulphur,  the  fulphureous  acid  gas,  or  fulphuric  acid^  according  to  the  rapidity  of 

•  Chaptal  (Elements  of  Chcmiftry,  vol.  ii.  page  377,^  fays,  "  Pniflian  blue  rakes  fire  more  eafily  than  ful» 
jfKwtt  and  detonates  ftrongly  vriih  the  oxygenitcdjAufiat  ofjpetA*    (Q^aen,  Di^lhe  skoH  make  ufc  of  indigo 
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le combuftion  ;  wUK  charcoal  and  other  vegetable  fubdances,  the  carbonic  acid ;  witb  ful- 
pburet  of  arfeiiic  there  may  be  fulpureous  acid  gas  and  arfenic  acid  produced. 

The  fudden  produftion  of  S!.»s  ftrikiugthe  furrouiiding  air,  is  moil  probably  the  cauTc  of 
the  loud  reports  produced  by  friftion,  &c-  agreeably  to  the  condulions  of  Betthollct  j  aud 
the  muriatic  acid  may  remain  combined  with  tJie  potalh,  and  a  portion  of  the  combuftibit; 
fubllance  employed  ;  but,  when  the  fulphuric  or  nitrous  acids  are  ufed,  the  muriatic  acid  !i 
certainly  difengaged. 

Since  [he  above  experiments  were  made,  I  have  found  that  a  paper  has  been  read  before 
the  National  Inflituteof  Paris,  On  detonation  by  concullian,  by  Cicizcns  Fourcroj*  and 
Vauquelin'.  Tlicy  there  mention  fomc  of  the  mixtures  I  have  dcfcribcd,  and  their  in* 
flammation  witli  the  fulphuric  acid.  They  likcwife  notice,  thjt  very  loud  reports  aud 
fparks  were  produced,  on  a  very  fmall  quantity  of  different  mixtures  being  llriick  with  3t 
hammer  on  an  anvil,  I'his  on  trial  I  found  to  be  the  cafc^  and  a  little  culton-wool  well 
impregnated  with  the  fait  being  ftiuck  in  that  way  immediately  took  fire.  But,  to  get  thifr 
to  fuccecd,  the  fait  and  cotton  Ihould  be  perfeflly  dry :  this  is  a  neceffary  precaution  in  all 
experiments  on  the  detonating  property  of  this  fait  by  friflion,  &c.  In  the  paper  above 
alluded  to  it  13  dated,  that  fugar,  the  gums,  fixed  and  volatile  oils,  alcohol  and  ether,  do  not 
detonate  or  take  fire  by  tlmple  trituration :  but  the  experiments  I  madi-  fi-em  not  to  agree 
with  this  atTcrtion  ;  for  all  the  above  fubflances  that  I  tried,  except  ether,  detonated  either 
more  or  lefs,  on  rubbing  them  briflcly  in  a  (lone-ware  mortar;  forae  of  them  required  to  be 
intimately  mixed,  as  fugar  and  gum  ;  but  others  produced  very  loud  reports,  as  when  fixed 
and  elTential  oils  were  ufed. 


IV. 

Obfifvathns  on  the  Natural  Hijiory  of  Guiana.  In  a  Lttier  Jrsm  WlLLlAM  LOCHEAO, 
Efq.  F.R.  S.  Edit),  to  the  Rtv.  Dr.  WALKER^  F.  R.  S.  Edm.  Regius  PrafiJJbr  bJ  Natural 
Hyiory  in  the  Umi:erJ,ly  of  EtHnBurgh  f. 

Dear  Sir, 


Ai 


L  L  L  O  W  me  at  prefent  to  trouble  you  with  a  few  general  obfervations  on  natitat 
hiftory,  which  I  had  an  opportunity  of  making  while  on  a  botanical  excurlion,  with  my 
friend  Mr.  Anderfon,  to  the  Dutch  colony  of  Demerary.  Guiana  is  a  country  but  httic 
known  in  Europe,  though  its  animals  and  vegetables  have  added  eonliderably  to  the  cata- 
logue of  natural  produiiions.  It  is  not,  however,  the  organic  kingdom  which  I  mean  at 
prefent  to 'touch  upon  ;  all  I  aim  at  is,  to  give  you  fome  idsji  of  the  face  of  the  country,  as 
leading  to  the  knowledge  of  it^  formation  and  prefent  fiate.  It  is  not  a  field  for  the  mine- 
ralogift,  as  its  interior  is  unexplored.  But  to  the  gcologift,  who  wiOies  to  trace  revolutions 
of  the  lated  date,  it  is  not  unincerttling  to  contemplate  fuch  a  recent  and  Angular  country 
as  Guiana. 

I  need  not  inform  you,  that  under  Guiana  it  comprehended  all  the  coaft  of  South  Ame. 


•  Annates  de  Chimie,  lom.  »ii.  p.  jjj.   Nichglfbn'i  Chem'ml  Joonul, 
t  £«&abmt|ili  TnoStOkiui,  iv. 
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rica,  from  the  Amazons  to  the  Oroonoko ;  that  it  trends  nearly  N.  W.  and  S.  E. ;  that  it 
is  in  general  a  very  low  and  flat  country,  efpccially  the  Dutch  or  wefternmoft  part  of  it ; 
and  that  it  is  watered  hy  feveral  rivers  and  creeks,  which  rife  in  a  chain  of  mountains 
running  nearly  E.  and  W.  and  dividing  Guiana  from  the  inland  parts  of  South  America, 
which  form  the  banks  of  the  Amazons  and  its  numerous  branches* 

Coajl, — No  coaft  can  be  more  eafy  to  make  than  that  of  Guiana.  The  changed  colour 
of  the  water  indicates  foundings  long  before  you  make  the  land,  and  you  may  run  on  in 
feven  fathoms  before  you  can  difcover  it  from  the  deck.  The  bottom  is  at  that  diftance  a 
foft  mud.  All«long  the  coaft  near  Demerary,  you  have  only  about  two  fathoms  at  a  good 
league  from  the  fliore  ;  to  leeward  of  EflTequcbo,  it  deepens  ftill  more  gradually.  In  ftand- 
ing  ofFor  on  five  or  fix  miles,  you  will  hardly  deepen  or  (hallow  the  water  as  many  feet. 
When  a  high  fea  fets  in  upon  fuch  a  coaft,  it  is  eafy  to  conceive  that  at  a  very  confiderable 
4iftance  from  the  land  it  muft  be  afFefted  by  the  bottom.  The  interval  betwixt  wave  and 
wave  becomes  more  diftinft.  As  they  roll  on  in  fucceflion,  the  lower  part  is  retarded,  the 
upper  furface  accelerated:  each  billow  of  courfe  becomes  ftecper  and  more  abrupt,  till  at  laft 
it  gradually  ends  in  a  breaker,  when  it  has  come  to  the  depth  of  only  a  few  feet.  Thefe 
rollers  as  they  are  called  are  the  dread  of  feamen,  efpecially  betwixt  Efllcquebo  and  Po- 
meroon,  where  the  water  is  fliallow,  and  the  bearing  of  the  coaft  very  much  north  and  fouth, 
and  expofes  it  fully  to  the  aflion  of  the  trade  winds.  In  fmali  craft,  thofe  acquainted  with 
navigation  do  not  hefitate  to  run  along  the  coaft,  even  among  the  rollers  themfeives ;  but 
"^f flels  drawing  from  eight  to  twelve  feet  water,  efpecially  if  the  fwell  be  heavy  and  it  falls 
calm,  can  hardly  get  off.  If  anchor  and  cables  fail,  they  drift,  on  till  they  are  faft  in  the 
mud,  and  there  they  will  continue  fometimes  for  weeks  together  before  they  go  to  pieces. 
The  fea  water  becomes  exceedingly  thick  and  muddy  within  a  few  leagues  from  the  coaft 
of  Demerary,  as  much  or  more  fo  than  the  Thames  is  at  London.  A  ftranger  would 
naturally  take  this  for  the  difcharge  of  large  flooded  rivers  after  a  rainy  feafon.  By  and  by 
I  ihall  explain  the  true  caufe  of  it. 

On  approaching  the  continent  of  South  America,  a  change  on  the  face  of  the  fky  will 
ftrike  the  attentive  obfcrver.  The  clouds  become  lefs  diftind:  from  each  other,  and  the 
intervals  between  them  lefs  clear.  They  are  blended  into  one  another  as  it  were,  and 
fuflFufed  more  generally  over  the  atmofphcre.  They  appear  to  be  furcharged  with  vapour, 
•r  to  have  a  ftronger  difpofition  to  depofit  it. 

There  is  a  particular  prevailing  appearance  of  the  heavens  within  the  tropics,  when  you 
are  at  a  diftance  from  continents  or  very  high  iflands,  which  has  fo  often  ftruck  me  that  I 
wonder  it  has  not  been  taken  notice  of.  I  call  it  a  tropical  Jky^  and  thus  defcribe  it.  The 
clouds  in  fine  weather  are  in  a  fingle  feries  or  ftratum,  failing  away  regularly  with  the  trade- 
winds.  They  arc  fmall,  and  diftin£lly  feparated  from  each  other.  The  intervals  or  fky 
above  them  of  a  clear  azure.  The  lower  furface  of  the  cloyds  is  perfe£lly  horizontal.  As 
the  temperature  is  commonly  very  equal  over  the  fea,  the  condenfation  takes  place  every 
where  at  an  equal  height  from  tlie  furface  of  the  water.  In  the  clouds  that  are  over  head 
you  cannot  indeed  perceive  thi?  ;  but  it  becomes  more  and  more  vifible  as  the  eye  recedes 
from  the  zenith.  The  lower  limb  of  each  diftant  cloUd  appears  perfectly  level  and  well 
defined,  brighter  than  the  (uperincumbent  part.  At  a  diftance  nothing  is  to  be  feen  but 
thcfc  limbs  clofer  and  clofer  in  gradation,  one  behind  the  Other  $  .and  the  whplc  horizon 
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rounj  refeinblcs  the  rcof  of  a  tlage  with  an  infinity  of  half  dropl  curtains  as  far  sit  the  eye 
can  reach.  In  two  voyages  from  Europe,  I  have  met  with  tliU  tropical  iky  as  far  north  as 
Cape  Finiftcrre.  It  came  with  a  fair  wind,  which  continued  with  us  like  a  regular  trade 
winil,  accompanied  with  the  fame  appearance  of  the  clouds  till  we  tnadc  the  Weil  Indies. 
In  running  down  thciradc  winds,  every  one  has  an  opportunity  of  verifying  this  dcfciip- 
tionj  and  muft  be  ftrock  with  the  beauties  which  this  iky  prefents  at  the  fetting  of  the  fun. 
The  inhabitants  of  th^  lower  iflands  may  alfo  be  well  acquainted  with  it.  In  iLc  higher 
ones,  the  attra£lion  of  the  mountains  ever  forms  fets  of  clouds  of  othrr  appearances,  as 
being  produced  by  other  cauTcs.  With  our  prcfenl  knowledge  of  mcuorologv,  hardly  any 
other  caufc  can  be  afltgned  for  the  phenomena  above  memioned,  than  the  confiant  equal 
temperature  that  every  where  prevails  on  the  intertropical  feas.  One  anjfosous  f;.cl  how- 
ever may  be  mentioned  ;  the  eneeeding  fmail  range  of  the  barometer  in  the  torrid  zone. 
Does  the  fame  caufe  regulate  fo  exadlly  the  height  of  the  clouds,  and  maintain  the  uniform 
fufpcnfion  of  the  mercury  ?  Wc  might  almoft  fufpeft  it  did,  were  it  not  well  known  tliat 
the  barometer  varies  as  little  upon  continents,  and  in  the  vicinity  of  mountains  in  thcfc 
regions  as  elfewhcrc,  though  the  condenfation  of  vapours  is  in  fuch  cafes  nmch  more  irre- 
gular. Upon  the  continent  you  will  frequently  obfcrve  this  tropical  Iky  alfo,  etpecijily  in 
line  fettled  weather;  but  much  more  commonly  you  will  find  the  fky  there,  and  even  be- 
fore you  make  the  coaft,  covered  with  heavy  large  dark  clouds  in  forac  place?,  and  in  others 
at  a  greater  height,  the  ferenc  dappled  (ky  fo  often  feen  in  Europe. 

Winds. — The  trodt  wind  generally  prevails  all  the  day  long,  and  on  the  fea  coaft  feldom 
fails  even  at  night  j  but  in  lei's  than  fifty  miles  up  ihe  river  it  is  a  dead  calm  at  night,  and 
the  breeze  is  not  able  to  penetrate  fo  far  rill  towards  nooU'  ytill  farther  up  we  had  whole 
days  of  a  Hark  calm,  and  the  heat  very  intenfe. 

Deiusyfcgs  and  ffmperatiire.~'Thc  dews,  following  the  law  which  they  generally  obferWy 
are  very  heavy  when  and  wherever  there  is  but  little  wind,  and  the  hotter  the  day  and  even- 
ing they  fall  the  more  copioufly  ;  they  were  of  courfc  more  abundant  up  the  river  than 
near  the  fea-coaft.  The  exhalations  in  the  day-time  from  a  hot  and  milly  country  covered, 
with  vegetables  being  very  great,  the  condenfation  occalioned  by  the  abfence  of  the  fun  and 
the  cold  accompanying  that  condenfation  arc  tn  proportion.  Near  the  coaft,  the  diurnal 
dUTerence  of  temperature  is  but  trifling,  the  conilanc  trade-wind  preferving  in  the  air  nearly 
the  fame  medium  of  heat  as  in  the  body  of  the  ocean  ;  but  f.u  up  the  river  the  range  of  the 
thermometer  was  very  great.  1  he  heat  of  the  day  was  intolerable.  In  the  fliade  it  was 
frequently  above  90'.  This,  when  there  is  no  breeze,  forces  you  into  the  woods  for  (helter. 
Towards  evening  it  cools ;  during  the  night  the  cold  increafes,  and  is  greateft  about  five 
in  the  morning.  The  thermometer  would  then  be  from  72°  to  74".  The  body  of  the 
river  being  large  enough  to  retain  its  heat,  the  evaporation  goes  on  from  its  furface 
through  the  night,  and  is  condenfed  into  thick  fog,  which  hangs  over  it,  and  is  fcldom  dif- 
perfed  before  eight  or  ten  next  day.  While  the  air  was  as  above  in  tlie  morning  at  71", 
(he  water  almg  fide  gave  83"  to  Sj'',  anil  fcldom  rofe  two  degrees  higher  at  noon.  Wc 
had  an  opportunity  of  verifying  an  obfervation  made  by  the  few  inhabitants  who  live  far  up. 
the  river  Demcrary,  that,  when  it  feels  very  cool  in  the  morning  before  day-break,  thejr 
tre  furc  of  6nc  weather ;  when,  on  the  contrary,  it  feeU  waroi,  they  expeQ  rain.     They 
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fleep  izi  liammocks,  and  the  houfes  they  have  arc  pervious  enough  to  thef  air ;  fo  they  are 
fenfibly  afFefted  by  any  change  in  its  temperature. 

Seafons. — As  to  the  feafons,  it  is  not  an  cafy  matter,  from  the  accounts  given  by  the 
coionifls,  to  afcertain  them  exaftly.  All  feem  to  agree,  that  fince  cultivation  has  been  fome- 
what  extended  they  are  not  To  regular  as  before  ;  that  the  dry  feafon  encroaches  on  the 
rainy,  and  that  during  the  latter  they  have  often  feveral  dry  days  in  fucceflion.  The  ac- 
count given  by  Dr.  Bancroft  was  the  one  generally  allowed  ;  that  it  is  dry  about  the 
equinox,  and  rainy  about  the  folftices ;  that  of  confequence  they  have  two  wet  and  two  dry 
feafons  every  year.  We  thought  it  difficult  to  reconcile  this  with  the  account  given  of  the 
ffafons  of  other  countries  in  fimilar  climates,  and  with  what  adlually  takes  place  in  the 
Carib  iflands.  I  will  give  you  my  ideas  on  the  fubjecl.  It  is  within  the  tropics  a  very  gene- 
ral rule,  that  the  vicinity  of  the  fun  brings  the  rainy  feafon.  To  the  northward  of  the 
line,  therefore,  this  muft  be  our  fummer  months.  It  is  another  invariable  law,  that  as  in 
lunar  influences,  fo  in  the  change  of  feafons  produced  by  the  fun,  fome  time  is  neceflary 
after  the  maximum  of  the  caufe  to  produce  the  full  eflFcft.  The  highed  tides  are  not  till 
two  or  three  days  after  the  full  and  change.  The  greateft  heat  of  the  day  is  two  hours 
afternoon,  and  the  hotted  months  in  Europe  are  July  and  Auguft,  not  June,  when  the 
fun  is  higheft.  Among  the  Weft  India  iflands  the  full  effeft  of  the  fun's  vicinity  is  ftiil 
later.  I  have  found  Auguft,  and  more  efpecially  September,  to  be  the  hotteft  months  in 
the  year,  and  they  are  accordingly  the  height  of  the  rainy  feafon.  It  begins  thus :  No 
fooner  has  the  fun  come  to  the  northward,  and  begun  to  be  vertical  among  the  iflands  in 
April  and  May,  than  his  force  is  felt,  the  (ky  is  more  difturbed,  the  wind  is  more  frequent- 
ly from  the  fouthward  and  in  fqualls,  and  now  and  then  there  are  heavy  ihowers.  In 
June  the  fame  tSt€t%  continue,  and  increafe  in  July,  when  the  proper  rainy  feafon  may  be 
faid  to  begin,  and  continues  in  force  more  or  lefs  till  the  middle  of  O£lober.  Auguft  and 
September,  with  part  of  July  and  Oflober,  when  thcfe  eflFefts  are  at  their  greateft  height, 
are  ftyled  the  hurricane  months,  and  by  the  French  Phivernage.  During  them  the  full 
force  of  the  great  luminary  which  diftributes  light  and  life,  however  neceflfary,  feems  fome- 
times  too  much  for  nature.  She  is  opprefied  and  (ickens  \  her  refpiration  is  difordered  by 
intenfeheat  *,  fometimes  calms,  fometimes  heavy  fqualls*,  the  agitated  elements  vent  them- 
fclves  in  lightning,  with  thunder  and  torrents  of  rain,  or  are  fometimes  thrown  out  into 
thofe  horrid  convulGons,  hurricanes,  which  feem  to  threaten  inftant  diflfolution.  Guiana  is 
happily  free  from  thefc  fcourges  of  the  Antilles.  Their  force  has  lately  been  parrially  felt 
at  Tobago,  which  was  thought  beyond  their  reach.  -  In  Trinidad,  the  greateft  ftorms  they 
have  hitherto  experienced  do  not  deferve  the  name  of  hurricanes ;  and  to  the  fouthward  on 
the  main  of  America  they  are  utterly  unknown.  The  difference  then  between  Guiana  and 
the  iflands  is  this :  In  the  former,  the  rainy  feafon  fets  in  earlier,  as  indeed  the  fun  is 
fooner  vertical.  Their  principal  rains  are  in  the  end  of  April,  in  May,  June  and  July. 
They  are  alfo  fooner  over ;  for  Auguft,  September  and  0£lober,  and  I  believe  part  of 
July,-  are  commonly  fair  weather.  But  again  November,  in  part> December,  January  and 
February,  reckoned  dry  months  among  the  iflands,  are  in  Guiana  a  fecond  rainy  feafon. 
^he  caufe  of  this  I  take  to  be  as  follows :  No^rtfa-eafteriy  winds  prettty  ftiflF,  cold  and  bleak 
comparatively  in  thefe  cKmatesi   are  frequently  aiMng  the  iflands  during  the  winter 
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monlhs.  They  arc  well  known  by  the  name  of  Norths.  They  are  often  accompanied 
witb  rain ;  bill  it  Is  not  very  heavy,  nor  thought  of  confcqucnce  enough  to  give  the  denomi- 
nation of  a  rainy  feafoii.  Thcfc  winds  we  know  to  reach  as  far  as  the  coaft  of  Guiana  j 
and  there  1  have  rcafon  to  believe  they  are  produ£live  of  more  rain  than  in  the  iflands. 
The  face  of  a  large  continent,  and  its  eifcifls  upon  the  atmofphcte,  may  very  probably 
make  them  give  up  more  of  their  liumidity  than  they  do  among  the  Antilles,  though  at 
the  fame  time  their  force  and  blcakueft  may  not  be  fo  much  felt.  If  tliis  conjcSure  hits 
the  truth,  the  following  ought  to  be  the  corollaries,  and  are  left  to  future  obfervaCioti : — In 
tltis  rainy  feafon,  when  the  fun  is  near  the  fouthern  folHice,  their  rains  will  be  with  preUy 
ileady  northerly  breezes  on  the  coaft.  They  may  be  of  longer  continuance  at  a  time,  but 
they  will  not  be  fo  heavy  as  thofc  of  fummer,  and  they  will  be  chiefly  on  the  fea>coaf),  and 
probably  will  not  eiteiul  a  great  way  up  the  country.  It  remains  even  a  query  with  me, 
whether  the  rain  that  accompanies  the  norths  among  the  iflands,  efpecially  thofc  moft  re- 
mote from  the  line,  be  not  generally  in  a  greater  proportion  than  is  commonly  fuppofed. 

Country. — I  will  now  endeavour  to  give  you  fonie  idea  of  the  face  of  the  counity. 
Though,  ns  is  well  known,  Guiana  is  ilat  and  fwampy,  yet  it  affords  to  thi:  attentive  eye  a* 
intercfling  variety.  The  fea  coaft  is  little  if  at  all  raifed  above  the  level  of  high  water, 
and  is  continued  at  this  level  for  many  miles  inland.  It  is  properly  an  immenfe  woody 
fwamp,  never  dry  in  the  drieft  feafon,  covered  with  feveral  feet  of  water  iu  the  wet.  Next 
the  lliure,  as  far  as«he  brackiQi  water  extends,  it  is  covered  with  mangroves,  which  grow 
to  a  confidcrable  height  and  form  a  thick  Ihadi:.  Tliey  arc  elevated  on  their  brazichy  in- 
termingled roots  from  the  bare  wet  chy  or  mud,  on  which  there  is  fcarccly  one  herb  or 
plant,  but  which  feems  10  be  all  in  motion  from  the  prodigious  number  of  crabs  which 
make  their  holes  in  it.  Further  on,  when  the  under  water  is  frelh,  you  meet  with  a  new 
fct  of  vegetables,  principally  fmall  trees,  which  from  their  fituation  arc  obliged  to  adopt 
the  habits  of  mangroves,  having  the  bottom  of  their  trunks  fupportcd  three  or  four  feet 
above  ground  by  their  ramilied  roots.  Several  climbing  plants  are  mixed  with  them, 
Arunis  in  great  variety  and  profuiion  emerge  from  the  water,  or  embrace  the  (lems  of  tie 
trees  ;  and  f>:veral  broad-leafed  plants  of  the  hexandria  and  triandrij  clalTes  alTiIl  iht  arunw 
in  forming  an  herbage.  In  all  this  tow  part  of  Dcmcrary  there  is  not  one  tree  of  a  large 
fize,  nor  among  them  all  above  two  or  three  fpecies  which  can  be  applied  to  ufc  as  timber. 
Proceeding  flill  up  the  river,  its  banks  are  found  generally  to  ralfe  ihcmfclvei  above  ihc 
level  of  the  water  i  and  when  you  have  gone  up  one  tide  (betwlit  twenty  and  thirty 
miles),  they  are  to  high  that  there  is  no  farther  occafion  for  dams  to  keep  the  plantations 
from  being  overflowed  at  lii;;h  water,  as  below:  canals  or  ditches  are  fulEcient  to  drain 
the  land,  which  is  (lill  perfectly  flat.  The  trees  arc  here  dilTerent  in  fpecies  and  larger  in 
f]«  than  below,  ;tnd  the  woods  arc  much  more  ptaifiicablc.  As  llicy  arc  drier,  the  ground 
has  acquired  a  regular  fori  of  furface,  and  'there  is  neither  thiti  plexus  of  roots  nor  the 
fame  number  o[  vines  (the  common  name  in  the  Well  Indies  for  all  climbing  plants)  to 
entangle  Ci-to^e  who  chuofe  to  Iraverfc  them.  The  foil  here  is  generally  a  (liS,  cold,  reddtfh 
cUy,  niixefi  a  top  with  a  portion pf  vegetable  mould. 

The  fand-hills  prefent  to  the  admiring  eye  a  fccnc  very  different  from  wh»t  it  had  been 
acetiHomcd  10  below.  The  firft  you  meet  with  upon  the  Dcmerary  !i  upwards  of  tbirtj 
mile's  from  the  mouth  of  the  river,  and  on  the  right  hand  afccnJing,  or  on  its  wcllern  Ihore. 
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There  are  of  them  further  down  in  the  country,  but  not  clofc  to  the  r'ncr  lidc.  This  one 
is  the  cxtrcmiiy  of  a  ridge  which  cxteiuls  to  the  wc(l^^atd  fcvcral  miles.  As  you  afcend 
the  rivet  you  meet  with  many  more  of  the  fame  kind  on  both  fides,  whofc  direction  feems 
likewife  to  he  eaft  and  well,  or  nearly  at  right  angies  wiih  ilie  average  courfc  of  the  ftrcam. 
They  vary  from  50  to  lOO,  i  50  or  200  feet  i)t"  perpendicular  height  above  the  level  of  ihe 
Itvtr  and  the  iniervcnitig  flat  country.  Their  breadth  and  eitent  vary  fonictimes  only  a 
few  hundred  paces,  fometimes  many  miles.  Their  length  is  great ;  with  fome  interrup- 
tions, I  have  reafon  to  bd'cvc  they  are  generally  continued  from  one  fdc  of  the  colony  to 
die  other,  only  interfcilcd  in  diiTcicnt  places  by  the  rivers  and  their  branches,  'ihey  confift 
of  a  pure  filieeousfand,  fo  white  that  it  dazzles  the  eyes,  commonly  Cnc-graincd  and  loofe, 
but  not  unfrcqucntly  mixed  wiih  little  (trata  of  coarfer  pLlibles,  modly  ijuariz,  and  fomc- 
limes  concreted  into  a  proper  faiid-ft one.  In  the  laft  cafe,  a  black  or  rcdiittli  tinge  is  in 
many  cafes  communicated  to  it  from  clay,  decayed  vegetables,  or  other  extraneous  matter. 
There  is  no  regular  ftratification  to  be  found  in  it,  more  than  what  is  common  to  all  fands 
Ac  produce  of  depofitions  of  difTcrcnt  dates;  and,  as  they  arc  of  difletent  materials,  thicker 
■none  place,  thinner  in  another,  fometimes  horizontal  but  ofiencr  inclined,  and  convex 
©r  concave  according  to  circumrtances.  We  could  meet  with  no  appearance  of  (hells  or 
Other  marine  produdtions,  but  in  a  few  places  pieces  of  broken  vegerables  buried  in  the 
fand  where  it  was  concreted.  They  were  black,  as  all  the  folfil  vegetables  that  I  have  ever 
fcen  in  fand-ftone.  Upon  and  by  the  fides  of  the  fand-hills  grows  the  moft  valuable  timber 
of  thefc  colonies.  The  trees  there  are  of  a  good  fise,  and  very  clear  of  obilrudlJng  under- 
woods or  vines.  The  walhbba  (parivoa  grandifloia  of  Aublet)  ;  tlie  fipiri  or  green-heart 
(a  new  fpeciesof  laurel);  the  coumatou  or  conqu^bean  tree,  coumarouna  odorata  of 
Aublet;  the  mora,  valuable  for  beat  timbers ;  and  many  others  whofe  wood  is  equally  hard 
ind  beautiful. 

Continuing  to  afcend  the  river,  the  fand-Kills  become  rather  more  frequent ;  but  the  in- 
tervals ftill  remain  a  perftd  flat,  though  now  fevcral  feet  above  the  level  qf  the  ftrcam, 
and  the  foil  is  Hill  a  (lifF  clay.  Hitherto  the  rivet  is  deep  all  over,  generally  from  two  to  liv^ 
fathoms  ;  the  bottom  is  mud  or  clay,  and  the  fliores  on  cither  fiJc  at  low  water  covered 
with  ooze.  About  1 30  miles  up,  however,  or  juli  before  it  begins  to  fhallow,  the  bottom 
is  covered  with  banks  of  a  hard  white  or  brown  faqd  It  was  a  problem  for  fome  time, 
whence  all  this  fand  originated  in  fuch  a  country.  It  was  foon  folved.  Leaving  here  the 
\effcl  that  had  hitherto  carried  us,  we  proceeded  in  a  canoe  ;  and  at  about  160  or  170 
miles  diltance  from  the  mouth  of  the  river  we  met  with  the  fitft  proper  hills  of  folid  maie- 
lials.  The  neareft  to  us  was  a  rock  of  granite  piojedling  into  the  ftream,  whofe  dirc^ion 
it  gave  a  change  to  at  this  place  i  and  it  fervcd  for  a  landing  place  to  the  higheQ  piece  of 
cleared  land  upon  the  river  next  to  the  poll-holders.  It  was  part  of  a  low  ridge  of  the 
fame  Hone  which  ooITed  the  country  probably  to  Berbia  or  beyond  it,  and  was  fuccecdcd 
by  many  other  feries  of  hills  more  inland,  and,  ai  far  as  we  could  examine  them,  of  the  fame 
matertats.  The  granite  was  both  of  the  red  and  the  gray  kinds,  but  chiefly  of  the  latter. 
A  number  of  fcams  or  dikes  crolTed  it  here  and  there  in  all  direflioiis,  not  diftinflly  feparaie^ 
but  firmly  united  to  ihc  reft,  making  as  it  were  but  one  body  with  it,  and  conliQing  of  tlic 
fame  materials  differently  modified.  Their  component  parts  were  generally  fmaller ;  they 
vcrc  more  compa^  and  clofci  in  the  tcxtutc  than  what  furioundcd  them  ;  and  where  they 
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wen  equally  expofcd  to  the  a^ion  of  the  weather,  they  appeared  to  hate  bofne  it  much 
better  than  the  furrounding  granite.  The  origin  of  the  fand  was  now  accounted  for.  This 
ftone,  in  fome  cafes  esccedingly  firm  and  durable,  is  in  others  very  liable  to  decay  ;  and  the 
walh  of  thefe  enormous  chains  of  hills  was  able  to  furnifli  abunilance  of  fuch  fand  as  we 
had  met  with  below.  The  granite  afforded  many  varieties ;  indeed,  every  Oiade  from  large 
and  diftindt  grained  to  thatwhofe  component  parts  of  feltfpar,  fchorl,  or  quartz,  were  fo 
fmall  as  to  refemble  pretty  compact  compound  lavas,  or  fome  of  our  mixed  whin-ftones  in 
Scotland.  All  ihefe  varieties  would  be  found  at  no  great  diltancc  from  each  other.  I 
brought  fome  fpecimens  from  Tiger's  Berg,  a  hill  about  ;oo  feet  perpendicular  heightt 
which  have  every  appearance  of  having  undergone  the  a6lion  of  fire.  They  refemble  half 
vitrified  fcorise,  and  would  be  lal^en  for  them,  but  that  they  were  adually  broken  off  from 
(he  granite,  and  difcover  all  its  parts  in  the  fraflure.  The  fumrait  of  this  hill  is  irregular, 
with  feverat  phs  and  holes  among  the  rocks.  A  little  higher  than  it,  and  I  fuppofc  nearly 
aboiit  300  miles  from  the  fea,  you  meet  what  arc  called  tht  falls.  They  arc  only  five  or  fis 
rapids  within  the  fpace  of  a  mile  or  two,  formed  by  ledges  of  very  clofc-grained  gray  granite 
that  run  actofs  the  river.  There  arc  breaks  in  each  of  them,  through  which  the  dektroiis 
Indians  are  able  in  their  light  canoes  to  pafs  up  at  any  feafon,  even  the  dried  i  and  when  the 
river  is  fwellcd  by  the  rains  they  become  totally  obliterated.  Two  days  journey  or  two  and 
a  half  above  this  is  the  great  fall,  where  the  tlream  comes  over  the  face  of  a  rock,  as  wc  are 
informed,  twenty  feet  high. 

Savannahs. — Savannahs,  ever  fince  the  difcovery  of  America,  have  been  known  to  oc- 
cupy large  fpaces  in  the  fouthcrn  parts  of  that  continent.  Tthey  are  to  be  met  with 
abundantly  in  Guiana,  and  are  of  two  kinds  very  dilUndl  from  each  other,  the  wi-f  and  the 
dry.  Of  the  former  many  arc  estenfive  as  the  eye  can  reach — immenfe  verdant  plains  occupy- 
ing the  whole  face  of  a  country,  with  or  without  a  few  flragghng  infulatcd  patches  of  wood. 
Jn  the  dry  feafon  they  appear  meadows  of  long  grafs  or  reeds,  and  arc  feldom  pra£Ucable 
for  any  diftanle,  for  the  bottom  is  very  rarely  dry.  In  the  wet  feafon  they  are  all  one  entire 
plain  of  water,  over  the  furfacc  of  which  the  grafs  ftill  rifes,  but  which  may  be  every  where 
navigated  in  the  courialls  or  canoes.  Towards  the  end  of  tlic  drought  the  Indians  fct  fire 
to  them.  The  young  growth  which  fucceedsattrads  the  deer  i  and  the  native,  on  the  re- 
turn of  the  half  deucaiion  days,  purfues  them  In  his  little  bark  acrefs  their  former  plaina. 
The  foil  upon  thefe  favannahs  can  neither  be  very  deep  nor  very  good  ;  yet  water  may  be 
alway>  commanded,  and  labour  and  indullry  might  convert  thefe  deferts  into  rice  fields. 
It  is  a  queftion  whether  the  days  of  flavcry  will  ever  fee  that  event.  The  culture  of  this 
ufeful  vegetable,  which  in  the  call  has  for  ages  been  the  {landing  food  for  millions,  brings 
too  moderate  a  return,  at  leall  in  an  infant  colony,  for  the  rapacious  agricultural  fyltem  of 
the  Weft  Indies. 

The  dry  favannahs  are  neither  fo  frequent  uor  fo  cxtcniivc,  yet  wc  have  paffed  through 
fome  of  them  feveral  leagues  in  circumference.  They  are  formed  along  the  flats  on  the 
top  of  the  fand  ridges,  and  covered  by  a  very  thin  coat  of  verdure.  They  refemble  csaQlf 
enough  fome  i>f  the  bare  moors  in  Scotland.  Many  beautiful  plants  of  the  clafs  gynandrii 
are  their  chief  ornaments,  at  is  alfo  the  orchis,  which  grows  in  fimijar  fituations  with  you. 
Some  melaftoma!  and  more  rhexias  fupply  the  place,  and  bear  fomewhat  of  the  habit  of 
the  ciicx}  for  your  fedums  and  faxifirages  U  the  little  fauvagefiai  and,  in  hollows  of  the 
Jl  r  a  fame 


hmt  r^viinnatid  wliete  molflure  prevails,  what  loever  could:  have  evpcAeil  tp  fee- wIMiv 
five  degrees  of  the  line,  and  not  more  than  50  or.  100  feet.alKnrc  the  level  of  the  fea»  the 
droiera  lifts  its^  humble  head  from  a  bod  of  rfve  fpbagntua  pal|i(lVe» 

[T^  he  continutd-] 
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On  the  Sugar  Maple.    By  Citizen  Tessisr  *. 


UG  AR-  IS. one  of  the  moil  common  produfts  of  the  vegetable  kingdom,  and  is  found 
ready  formed  in  a  great  number  of-  fpccies.  It  is  obtained  from  the  wild  cherry-tree, 
(merifier),  the  poplar,  the  birch,'  the  nut-tree,  the  pods  of  gkditzia,  maize,  the  afciepias 
lyriacft,  &c. ;  but  the  tree  which  next  to  the  fugar-cane  affords  this  produ£k  in  the  greateft 
afciundance  and  befl  quality  is  the  fugar  maple  (acer  faccbarinum). 

Manytfpecies  of  maple  grow  naturally  in  France,  Germany^  Switzerland,  and  Englandi 
T^Je-acer  opalus  is  found  particularly  in  Italy,  and  that  which  Linnaeus  diftinguiflies  by 
the  name  of  acer  tataricum  in  Afia.  But  America  is  the  country  of  moft  of  the  fugar 
maples.  It  was  from  Quebec  that  Mr.  Sarafin  forwarded  this  tree  to  the  Jardin  des  Piantes, 
KftKcT  Charlevoix,  at  the  diftance  of  a  league  and  a  half  from  Quebec,  was  regaled,  to  ufe 
his  own  expreflion,  with  the  faccharine  juice  of  maple.  Kalm,  aft  the  poll  of  Three  Rivers > 
bttween  Mentreal  andQuebec^  faw  the  procefs  ofmakin^g  fugar  with  the  fap  of  the  maple* 
Hmt  acer  faccharinuni  is  there  fo  common  th'at  it  is  ufed  for  fuel. 

A*citmate  in  which  the  winters  arc  long  and- fevere  is  beft  adapted  to  the  fugar  maple« 
f^'ifot  know  whcdier  it  is  found  ina  morc.norAerly  latitude  than  that  of  Canada.  In* 
Akt'ebuntry,  though  fituated  in  the  latitude  of  about  44^  the.  cold  lafts  longer,  and  is  mo^re 
intlenfe  than  in  France,  on  account  of  the  enormous  maflis  of  water,  the  woods  and  the 
jnodntains.  Towards  the  fouth,  the  maple  becomes  very  rare,  fo  that  few  arefeen  beyoh<i 
the  idwcr  part  of  Louifiana.  Kalm  has  remarked,  that  they  grow*to  a  lefs  height  in  the 
fovthum  parts  of '  the.  United  States  than  in  Canada,  and  thai  they  dd  notgrow^in  New^ 
Jerflff  ^nd  P^mrfylvahia,  except  on  the  fides  of  the  Blue-Mountai fts^  and  the  fteep  banks  o£ 
rk«fW:expofW  to  the  north.  And  fcven  in  this  expoOtiM  they  do -not  <4>eain  more  thaik 
ooei  third  or  a  quarter  of  Ithe  height  they  acquire  in  Canada.'  The  ititelligent  Dopratz^ 
avtbor  of  the  Hiftory  of'Louifiana,  ^cdnfirms  what  Kalm  has  advanced^^  The  fpecies  of 
maple  which  we  poflefs  in  France  do  not  thrive  excepting  in  places  where  the  cold  is  of 
hmg  duration.  Kalm  aflures  us,  that  being  in  the  neighbouthix>d  of -CNeftcr,  afmall  towa 
ofc  the  Delaware  inNPennfylYania,  he  faw  red  maples  oh  a  marJhyfoilartbmpanied  by  the 
alder-T-an  obfervation  which  points  out  the  foil  in  which  this  tree  ought  tabte'^lanttd^  The 
ftgar  maple  is^  alfo  found  in  thef  State  of  Vermont  in  Ktotiicky^  in*  the  couhtiy  beyond  the 
Ofaioi  oppofite  to  Pimnfylvaiiia  and  Virginia.  Accordkry^  to  the  author  of  the  Amtricaat 
Geography,  fugar  is  made  from  it  in  thefe  countries  \  but  it  does  not  feem  to  be  an  obje£l 
tf  great  intereft,  as  the  author  of  that  geography  fimply  mentions  the  fa£t. 


f  lalorted  in  thcAasaks.  d'Agritfulturr,  .and^thentt  c^ifd;ino..XA  Decade JEliilofepiiiqn^  8cc^  '^*'-H 
mA  fiiNU  wjudi  laft^  worktbQ^ftiait.ta»iUtio&  iKmadeiu 
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Cittnn  RWclnW,  nuTrn7man  at  Charles  Town,  has  3  conliderible  quantity  nnr  the 
banks  of  the  Ohio  in  the  ft-itc  of  Virginia,  beyond  the  Apalachian  mouniaiiis.  They 
wtfrc  pUtitcd  in  a  good  foil.  In  this  country  the  maples  have  fuch  a  growth,  liiat,  if  the 
author  of  the  American  Gi'ographf  may  be  credited,  fycainores  are  to  be  met  with  forty- 
four  feet  in  circuTiferiincc  *. 

The  CansHians  have  long  been  accuftomed  to  ufe  ihe  Juice  of  the  maple  as  a  rcffclhing 
br\cntge.  When  it  iflues  c»t  of  the  tree  it  is  clear,  whiiilli,  and  of  a  cool  fjccharine  talle. 
liy  cspofure  to  the  fun  in  fummcr,  it  is  converted  Into  good  vinegar.  It  is  obtained  by 
boring  the  trunk  of  the  tree,  taking  care  to  dire^  the  inflrumem  upwards.  Tlic  blade  of 
a  knife,  or  a  piece  of  thin  wood  in  the  form  of  a  ruler,  is  inferted  to  conduA  the  fluid  to 
a  vcHl't  placed  beneath  for  lis  reception :  wit]iout  this  precaution,  it  would  liow  down  the 
b:iik  of  the  tree  and  be  loft.  Mr.  Gaulticr  obfervcs,  thfl  the  perforation  mutl  be  made 
iniothe  proper  li;>neous  circles,  and  that  the  faccliarinc  juice  is  not  to  be  obtained  by  tTia.king 
incifiofts  in  the  middle  batk  or  the  liber,  or  at  Icafl  ihat  the  quantity  obtained  will  be  very 
■fmflll.  At  the  commencement  of  the  iluws  the  fap  flows  abundantly  for  about  three 
weeks;  after  which  it  thickens  and  entirely  flops.  The  mapk's  aAurd  more  fap  the  greater 
the  (juantity  of  fnow  has  been,  and  the  more  ligorous  the  winter.  'Ihe  moft  favourable 
period  is  when  the  fnow  begins  to  melt, and  the  cold  weather  ftill  continues.  The  flow  ia 
confiderable  in  the  fpring,  when  tlie  thaws  are  gieat  and  decided.  The  colder  the  ntghtSi 
the  greater  the  cjuanticy  of  fap  which  flows  on  the  following  day.  It  feldom  flows  during 
the  itight,  unlefs  the  weather  be  mild.  If  thcfe  obfervations  had  been  made  in  all  parts 
where  there  are  fiigar  maples,  they  would  aflord  reafon  to  conclude,  that  the  regular  alter- 
nation of  grc4l  cold  during  the  night  and  very  perceptible  heat  during  the  day-time,  which 
takes  place  in  the  northern  parts  of  America,  cvntrtbutes  to  elaborate  the  fap  of  the  maple 
uid  Tender  it  fweet. 

The  juice  of  ilie  maple  is  colle6ted  earlier  or  later  according  to  the  country.  In  th« 
vicinity  of  Quebec,  Tlirec  Rivirs,  and  Montreal,  it  lafta  from  the  middle  of  March  to 
the  middle  of  May,  when  the  fun  begins  to  have  power  j  but  near  Lake  Chnmplain  it  !» 
colIc£led  from  the  middle  of  February  to  the  early  part  of  March.  In  this  country  the 
thaws  commence  about  the  end  of  Janoary. 

If  we  give  credit  to  Mr.  Gaultier,  the  French  taught  the  favages  to'extrafl  fugar  froin 
the  fap  of  the  m,Tplc;  but  if  we  depend  on  K.ilm,  the  faragea  knew  this  art  before  the 
Europeans  had  difcovercd  America,  and  the  latter  people  have  only  followed  the  praflice 
of  the  favages.  'Whatever  may  be  the  value  of  thefe  two  unfupported  aiTertions,  it  is^ 
certain,  that  in  order  to  extrafl  this  fugar  the  liquor  is  boiled  over  the  fire,  taking  care  to 
ftrr  and  Ikim  it  until  it  has  obtained  a  very  thick  conliftencc.  If  it  hi  kept  too  long  ovce 
the  fircj  it  acquires  a  tafte  of  honey  like  melafles.  This  fugar  becomes  fpontaneoofly  pu- 
rVficd.  It  is  fometimes  clarified  with  whites  of  eggs  before  it  is  fufliciently  boded,  and  aftdr 
tbe  clarification  the  ebullition  it  continued  :  when  the  boiling  is  fuilicient,  the  fugar  is 
poured  into  a  veflcl  which  gives  it  its  form,    la  Canada,   wherever  the  maples   abound^ 

*  Thit  sppcart  10  me  to  be  grc3;ly  ciaggcmiedi  thelafgcll  Amnicao  fycBmori;!,  actoiding  to  ihc  report  of 
jwrlbnt  wbobBVcmcaTuitd-tticiit,  being.QO  moie  thuifirom  incnif  to  twcnty-fuur  Act.  round.  J^ete  cj  tbe 
Mt'bw, 
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tKcy  make  thJs  fagar,  as,  iu  France,  dicrrjr  brandy  is  made  in  fuclt  places  as  atwin 
chcntes. 

Tlie  firfl  juice  which  is  eitrafled  from  die  maples  in  the  fpring  is  fwcetcr  than  that 
which  6ows  at  the  end  of  the  feafon,  when  ii  has  the  fade  which  in  Cannda  i&  called  the 
tailc  of  ihc  fap.  This  lift,  from  which  the  fugar  is  more  difHcuUly  cxtrailcil,  is  kept  in 
the  flntc  of  fynip.  It  contains  more  fugar  in  proporiion  as  the  weather  is  colder.  Trees 
of  the  fame  age  do  not  afford  the  fame  quantity  cither  of  fap  or  of  fugar,  neither  do  the 
quantities  of  fugar  tu  like  quantities  of  fap  agree.  That  of  the  old  maples,  wliich  is  lefs 
abundanr,  is  more  faccharlne.  The  fap  of  maples  which  grow  in  a  mountainous  and  llon^ 
foil  is  more  faechTirine  than  that  of  fuch  trees  as  grow  in  low  humid  foils.  This  obfena- 
tion  holds  good  with  regard  to  all  vegetable  produflions. 

A  tree  of  three  or  four  feet  in  circumference  may  afford  from  thirty  to  fiaty  pints  of 
liquor,  and  fomctimes  more;  and  a  pound  of  fugar  is  about  the  quantity  obtained  from  lix- 
teen  pints,  that  is  ro  fay,  nearly  three  pounds  of  fugar  per  tree.  Care  mufl  be  taken  to 
make  the  openings  on  the  fame  fide  every  year,  in  order  that  the  tree  may  not  die.  The 
fouth  or  fouth-wc(l  is  the  proper  lide.  Mr.  Gaultier  obtained  in  a  i^uarter  of  an  hour  a 
pint  of  this  faccharine  fluid  from  a  perforation  three  inches  deep,  made  on  this  fide  of  a 
tree  four  feet  in  circumference  ;  at  llie  fame  lime  that  a  perforation  in  the  fame  tree  on 
the  north  and  rorth-caft  afforded  him  only  a  chopine  or  half  pint  in  the  fame  time-  If 
the  perforations  be  multiplied  the  tree  becomes  eshaufted,  and  its  old  age  is  accelerated.  It 
feems  to  me  that  it  would  be  advifable  to  leave  the  tree  untouched  every  fccond  year,  in 
the  fame  manner  as  good  economics  fuffer  their  mulberry  trees  to  rcpofe  at  like  periods. 

Father  Charlevoix  caufed  a  refiner  at  Orleans  lo  make  a  trial  to  refine  the  maple  fugar. 
He  found  fome  difliculties  in  the  attempt ;  but  with  attention  thefe  dilhculties  have  been 
furmounted,  for  it  is  at  prcfent  refined  in  America.  This  fugar,  in  tlie  ftate  we  ufually  re- 
ceive it  from  that  country,  may  be  kept  a  long  lime  without  alteration,  as  I  have  fecn  in  a 
piece  in  the  collection  of  Citizen  Juffieu. 

Gaultier  and  Kalm  affirm,  that  the  maple  fugar  of  the  favages  of  Canada  is  mixed  wiik 
flour,  whether  to  render  it  more  nutritious  or  to  augment  the  quantity,  but  this  kind  of 
fophidication,  if  the  maple  fugar  IhouJd  become  an  objeft  of  commercial  intereft,  would 
be  ealily  dlfcovered.     Such  fugar  is  whiter  than  other  famples  not  fo  adulterated. 

The  fugar  of  the  maple  is  employed  by  the  inhabitants  of  the  remote  parts  of  Canada^ 
for  the  fame  ufes  as  the  fugar  of  the  cane  with  us,  becaufc  they  are  poori  and  this  fugar, 
though  lefs  pleating  to  the  fight  and  tade,  cofts  them  nothing  but  the  trouble  of  tapping 
the  trees  and  evaporating  the  6uid.  This  fugar  is  more  difHcuIily  foluble  in  water  -,  and  its 
fwec^cning  quality,  if  I  may  ufe  this  exprelEon  after  Kalm,  is  to  that  of  the  fngar-cane 
as  one  to  two.  The  richer  inhabitants  of  towns  which  by  commerce  have  iniercourfe  with 
the  colonies  where  the  fugar-cane  Is  cultivated,  prefer  for  their  ordinary  confumptlon  the 
fugar  of  this  lalt  plant,  and  ufe  that  of  the  maple  as  an  agreeable  medicament-  It  ia 
particularly  recommended  for  coughs  and  colds,  and  its  ufe  is  even  prefcribed  for  diforders 
of  the  lungs. 

It  is  eltimatcd  that  between  twelve  and  fifteen  ihoufand  pounds  weight  of  maple  fugar 

is  annually  made  in  Canada.     It  Is  the  produ£l  of  four  or  five  thoufand  trees.     From  this 

faQifuppofmg  an  arpent  of  land  of  a  hundred  perches,  at  eighteen  feet  the  perch,  planted 
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«ith  maplgl  lit  full  growtTi^  each  affording  Hxt^  pints  oF  liquor,  the  product  would  be  fic 
hundred  and  fiMy-fii  pounds  ot  unrefined  fogar.  For  the  ar pent  may  fupport  iwo  hundred 
and  t^cnty-two  trees,  placing  the  (lems  at  twelve  tcct  didancc  from  each  other. 

The  maples  begin  to  afford  a  certain  quimity  of  fugar  at  the  age  of  18  years,  and  ccafe 
to  afford  any  at  60  or  70  years.  In  Americj,  thofc  trees  arc  riclconcd  large  wiiich  rife 
above  bo  feet,  there  are  fomc  which  ate  two  feet  in  diameter.  '1  he  wood  of  certain 
fpecics  in  hjrd,  and  of  a  clofe  texture.  If  they  be  tapped  too  foon,  there  is  rcafon  to  fear 
that  it  may  uijure  the  growth,  and  render  the  product  of  fugar  i  neon  fid  er;ible.  It  is  thcie- 
fore  of  advantage  to  determine  the  period  of  life  at  which  ilic  tapping  ought  to  be  com- 
menced. And  on  this  head  it  ha$  been  afcertaiiicd,  that  the  bell  and  molt  abundant  pro- 
duce is  obtained  from  trees  of  the  middle  fize,  and  that  fcaicely  any  is  affbided  by  maples 
which  arc  large  and  old. 

Ihc  fugar  maple  has  not  hitherto  been  cultivated  in  France,  but  as  an  objcfl  of  cu- 
riofity.  Some  enlightened  cultivators,  who  endeavour  to  direct  all  tlieir  purfuils  to  objects 
of  utility,  have  entertained  the  hope  that  fome  advantage  might  be  derived  from  this  tree. 
There  are  a  fuificient  number  of  ihcfc  trees  at  prefeni  in  France,  to  afford  the  meanj  of 
determining  whether  they  proiluce  fugar  in  our  climate,  and  in  what  quantity  ;  and  this 
dccilion  is  neceflary  to  be  had  before  ihc  cuhiiration  in  the  large  way  ought  to  be  propof«d. 
For  it  is  polTiblc  that  they  may  uffurd  a  very  faccharine  liquid  in  America,  and  much  lefs 
in  Europe,  as  happens  with  [he  liquid  ambcri  which,  according  to  Kalm,  aff'ords  much 
balfam  in  New  Mexico  and  South  Carolina ;  but  produce  lefs  in  Virginia,  and  none  at  all 
in  Pcufylvania  and  New  York, 

The  difference  which  exifts  between  the  cold  of  the  nights  in  the  American  coimiries 
and  thofe  of  Europe  under  the  fame  degrees  of  latitude,  the  heat  of  the  fun  being  equsHj 
muff  ncceff'irily  influence  the  progicfs  of  vegetation. 

In  the  mean  time,  until  wc  Ihall  acquire  the  nccclTary  information,  tf  it  fliould  be  thought 
fit  to  increafc  the  number  of  thefe  trees,  the  following  is  the  metliod  of  proceeding :— The 
furcft  and  mod  ufcful  is  to  fct  the  feeds.  They  may  be  found  in  the  plantations  of 
M.  Duhamel,  M.  Les  Malclhsrbes,  and  feweral  other  curious  gardeners.  It  is  obfcrved,  tliat 
the  acer  faccharinum  brought  from  America  is  not  raifed  but  with  difficulty,  either  becaufc 
it  is  not  tranfplantcd  at  the  proper  time,  or  bocaufc  it  has  failed  of  receiving  proper 
care  during  the  paffagc.  It  would  perhaps  be  neceffary  to  fend  cxprefsly  to  America  an 
intelligent  gardener,  or  to  give  inftrurtions  in  the  country  to  an  attentive  perfon  to  fend 
the  bell  fceii  to  France,  and  even  the  plant,  in  order  to  accelerate  our  progrcfs.  The 
acer  faccharinum  never  grows  from  flips;  but  it  grafts  very  well  on  the  fvcamore.  Its 
tefemblancc  to  the  plane  maple  of  Europe,  which  is  fuch  that  the  two  trees  arc  con- 
founded, feems  to  (hew  that  it  would  be  mod  convenient  10  graft  t>pon  this  tree;  but  a 
gardener  has  fcveral  times  attempted  this  in  vain.  An  opa(|ae  matter  which  lies  between 
ihe  wood  and  the  barW  nppofes  the  union.  The  maple  negundo,  the  only  one  which  it 
multiplied  by  (lips,  is  likewifc  propagated  by  feed  and  by  layers.  The  jafper  maple  i» 
grafted  with  tlic  grcatell  fuccefs  on  the  fvcamore.  It  rifes  with  a  belter  ftem  when  grafted 
in  this  manner ;  but  care  mull  be  taken  to  graft  very  low-  Ripe  feeds  of  the  red  maple 
hne  not  yet  been  obtaiacd.}  biu  it  may  be  taifed  from  Amcrieao  feed,  Mid  in  this  maaner 
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the  two  individuak  may  be  obtained.    The  acertomentofuiiii  laftljr^  is  one  of  thole  whidi 
i9  iBoft  eafily  mukiplied  in  our  climates. 

Though  it  is  faid  that  fome  fpecies  of  maple  may  grow  in  light  ftoney  foils,  they  profpcr 
better  in  good  ground.    The  foil  ,of  the  mountains  cannot  always  be  confidered  as  bad. 
The  red  maple  delights  in  the  plains  and  valleys,  and  all  the  fpecies  are  injured  by  a  ftronjj^ 
fun.     They  fucceed  well  if  (heltered  to  the  fouth  by  mountains  or  woods,  as  I  conclude 
from  the  (late  of  the  fugar  maples  of  Male(herbes  and  Rambouiliet. 

The  advantages  which  would  refult  from  cultivating  the  fugar  maples  in  Europe,  and 
particularly  in  France,  are  relative  to  the  quantity  of  fugar  they  may  aSbrd.  When 
it  (hall  be  proved  that  a  great  quantity,  or  at  lead  feveral  pounds  per  tree»  can  be  obtained, 
lands  jwhich  are  even  fufceptible  of  cultivation  will  be  devoted  to  this  object.  Some  fpecies 
will  require  to  be  placed  on  the  flopes  of  mountains,  where  the  fnow  and  cold  weather 
prevail  for  a  long  time.  Others  will  be  planted  in  low  fituations  on  the  borders  of  mea- 
dow lands>  lakes,  rivers,  and  grounds  approaching  to  marfli  lands,  fuch  as  thofe  whese  the 
tider  delights  to  grow.  Such  plantations,  which  may  contribute  to  increafe  the  produc- 
tion of  fugar  without  any  other  care  than  that  of  tapping  the  trees  and  concentrating  the 
liquor, » will  be  of  great  utility  in  fupplying  our  habitual  want  of  this  article.  Befides 
^hich,  the  fugar  maple  prefents  to  turners,  muHcal  inflrument  makers,  inlayers,  the  work^- 
ccs  in  ftaiuing  wood,  and  gunfmiths,  a  valuable  material,  which  in  fome  of  the  fpecies  is 
teincd  and  marbled.    It  is  proper,  therefore,  to  encourage  the  growth  of  this  tree. 


In  addition  to  the  h€t^  and  obfervations  contained  in  the  foregoing  memoir,  which,  if 
COQclufive  with  refpeA  to  France,  would  probably  be  much  more  fo  with  regard  to  the 
northern  di(lri£ls  of  our  ifland  \  it  may  be  added,  that  Dr.  Benjamin  Ruih  of  Phil^idclphia 
Qcnaimunicated  an  excellent  paper  on  the  (ame  £ubje£l  to  the  American  FJiilofophical  So- 
ciety, which  was  publiflied  in  their  Tran(a£tions»  vol.  iii.  in  the  year  1 793.  The  abdraci 
of  his  paper  is  as  follows  : 

-  The  acer  facchsrinum  of  Linne,  or  fugar  maple  tree,  grows  in  great  quantities  in  the 
weftern  countries  of  all  the  middle  ftates  of  the  American  Union.  It  is  as  tall  as  the  oak, 
a^d  from  two  to  three  feet  in  diameter  \  puts  forth  a  white  bloflbm  in  /he  fpring  before 
:fny;Sy>pearancepf  leaves:  its  fmall  branches  afford  fuftenance  for  cattle,  and  its  aflies 
a^oxd  a  large  quantity  of  excellent  pot-a(h.^  Twenty  years  are  required  for  it  to  attain 
ka  full  growth*  Tapping  does  not  injure  it;  but,  on  the  contrary,  it  affords  more  fyrup, 
and  of  a  better  quality,  the  oftener  it  is  tapped.  A  fingie  tree  has  not  only  furvived>  but 
flouciihed  after  tapping  for  forty  years.  Five  or  fix  paunds  of  fugar  are  ufually  afForded 
VjT:  the  <ap.  of  one  tree— though  there  are  inftances  of  the  quantity  exceeding  twenty 
^unds..  The  fugar  is.feparated  from  the  Tap  either  by  freezing,  by  fpontaneous  evapora- 
tion, or  by  boiling.  The  latter  method  is  the  moft  ufed.  Dr.  Rtt(h  ^efcribes  the  procefs, 
which  is  fimple,  and  praflifed  without  any  difficulty  by  the  farmers. 

From  frequent  trials  of  this  fugar,  it  does  not  appear  to  be  in  any  refpeft  inferior  to 

that  of  the  W^eft  Indies.     It  is  prepared  at  a  time  of  the  year  \8^en  neither  ipfe£l  nor 

i^  pollen  of  plantjs  exifts  tQ  vitiare  it,  as  is  the  cafe. with  common  fu£ar<    £ron»  calcula- 
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t!bns  grbi^ndcd' on  exifting  faAs,  it  is  arcemined  that  AmericE  i«  noir  tapabte  df  pto^ 
ducing  a  furplus  of  one  eighth  more  than  its  own  confumption  i  that  i»^  on  the  ivhbler 
about  1359000,000  pounds,  which  In  the  country  may  be  valued  at  15  pounds  weight  foi^ 
one  dollar.  Dr.  Rufli  mentions  many^  ether  benefits  his  country  nuy  derive  from  this  in* 
valuable  tree,  and  concludes  his  paper  with  an  account  of  fome  of  the  advanttiges  of  fugar 
To  mankind  i  not  merely,  as  commonly  confidered  to  be  a  luxury,  but  as  an  excellent 
wholefome  and  nourI(hing  article  of  food.  Annexed  alfo  is  an  extraA  from  die  report  of 
the  committee  of  tl^e  Britifh  privy  council  on  the  fubjeft  of  the  African  flave  trader 
containing  Mr.  Botham's  (latement  of  the  mode  of  cultivating  a  fugar  plantation  at 
Batavia^. 


l™        *^^»-.gll»      ■■■■!■■■  IIWMB*  W  BW^.  ■■■■»■■»         — -—1^^— ■ 


VI. 


^5#  Prtgre/f  of  Mechanical  Di/ccvery,  txemplifitd  in  an  Account  of  a  Machine  for  cuttmg 

Filet,     (/r.  JV.f) 


T, 


HE  folly  and  confequent  didrefs  of  purfuing  experiments  in  chemiftry,  for  the  foto 
purpofe  of  commercial  advantage,  has  been  repeatedly  obferved  both  by  public  Writers  and 
in  private  life.  The  obfcurity  which  attends  the  procefles  of  this  art,  the  imperfedions 
of  theory,  and  the  feduflions  of  hope,  have  united  to  lead  men  in  purfuit  of  medicines  of 
uncommon  powers,  and  agents  which  (hould  convert  the  cheaper  metals  into  gold  and 
filver.  It  is  a  fubje£t  of  no  wonder,  to  thofe  who  have  not  fuffered  their  mental 
habits -.to  be  vitiated  by  thefe  fedu£tive  analogies^  that  difficulties  and  difappointment 
(hould  attend  the  life  of  a  man  thus  employed.  ^  But  mechanics  have,  in  general,  been 
more  favourably  regarded.  A  number  of  fimple  and  admirably  ufeful  effe^ls  are  produced 
by  the  operation  of  machines*  We  daily  fee  improvements  produced  by  means  eafilf 
underftood.  Tlie  mechanic  who  endeavours  to  (Irike  into  a  n€w  path,  finds  he  can 
reafon  from  what  has  been  done  before  him,  and  ufually  begins  his  work  with  a  convic« 
tion  that  the  refults  he  is  defirous  of  obtaining  will  infallibly  happen.  Hepce  it  is  that 
a  prodigious  number  of  new  fchemes  find  their  way  into  books;  on  which  both  the  ^author 
and  the  reader  fet  a  high  value,  and  of  which  the  futility  is  difcerned  only  by  a  few  prac* 
(ical  men.  Some  of  my  readers  have  fuppofed  this  fource  of  information  to  be  much 
more  produAive  than  it  really  is.  A  very  flight  enquiry  concerning  new  machines  and 
inventions,  whether  they  have  been  carried  into  efFcd,  and  whether  they  have  fuperfeded 
the  old  methods  of  operation,  will  immediately  ftrike  out  of  the  lid  of  valuable  articles 
i)ot  lefs  than  nine  tenths  of  the  obje£is  to  which  the  public  attention  is  folicited.  And 
if  it  be  aflerted  that  the  defcription  of  fuch  abortive  projc6ts  might  be  of  ufe  to  afibrd 
hints  to  fpeculators,  I  muft  take  the  liberty  to  obferve,  that  It  Is  a  mod  ferlous  thing  to 
engage  In  a  new  Invention,  and  a  no  lefs  ferlous  dutyin  the  editor  of  a  public  work  to' 

^  To  avoid  the  imputation  of  plagiarifm,  I  mud  take  notice  that  the  two  laft  paragraphs  appeated  in  aa 
anonytnout  p\)blication  in  the  year  1 794,  but  were  written  by  myfelf.    N.  , 

•  f  At  the  obfervation  on  die  wrapper,  thai  all  papers  whboat  name  orfgnature  are  imitten  fy  /^  EtHiof,  hst 

been  overlooked  by  fome  readers,  who  have  made  enquiry  refpe^ling  thfi  SUlhors  of  fttch  papers,  he  hai  thoughs 

ic  expedient  in  future  to  add  hit  initialt. 
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htf9f^  aflii{)|cd  ofji^  v^lue  of  ,^at  he  recon^mcnds  or  fuS'ers  to  recommend  itrelf  to  his 
i^^adi^re. :  •.Fi'PP  v|e\ii(g  of  tl^is  kind^  it  has,  appeared  to  me,  tliat  1  fliould  do  foiiic  fervice  to 
j|il(a^iy9iet  qf^^n,  fome  of  whom  have  effectually  ferved  this  country,  if  I  were  coa- 
cifely  to  .point  QMt  the  courfe  of  m^cjianical  invention,  in  order  that  thofe  individuals  only 
iliay  be  induced  to  engage  in  it,  who  poflefs  the  acquifitions  and  means  to  do  it  with  fome 

cffea;.  9 

.  V  Wc,wilJ  thef^Qrf^fuppoCe  a  very  acute  theorift,  who  is  not  himfclf  a  workman,  nor  la. 
^e;habitof  fuperincendv^g  the  praflical  execution  of  machinery,  to  have  conceived  the. 
iK>tion  pf  :fome.  new  cojmbinatipn  of  the  mechanical  powers  to  produce  a  determinate 
cStQ.  \  and  for  the  fake  of  perfpicuity,  let  us  take  the  example  of  a  machine  to  cut  files*. 
His  firft  conception  will  be  very  fimple  or  ab(lra£ted.     He  knows  that  the  notches  in  a 
*  file  are  cut  with  a  chizel  driven  by  the  blow  of  a  hammer,  by  a  man  whofe  hands  arc 
employed  in  applying  thefe  inftruments,  while  his  foot  is  exerted  in  holding  the  file  on  an 
anvil  by  means  ^f  9  ftrap.     Hence  he  concludes,  that  it  muft  be  a  very  eafy  operation  to 
fix  the  chizel  in  a  machine,  and  caufe  it  to  rife  and  fall  by  a  iever,  while  a  tilting  hammer 
of  the  proper  fize  and  figure  gives  the  blow.     But,  as  his  attention  becomes  fixed,  other 
demands  arife,  and  the  fubjed  expands  before  him.    The  file  mud  be  fupported  upon  a 
bed  or  mafs  of  iron,  of  wood,  of  lead,  or  other  material :— it  muft  be  fixed  either  by 
licrevv^  or  wedges,,  or  wejghts,  or  fome  other  effe£lual  and  ready  contrivance  : — and  the 
file  itfelf,.or.eUe  the  chizel,  with  Its  apparatus  for  ftriklng,  muft  be  moved  through  equal 
4^frminate  fpapes  during  the  interval  between  ftroke  s^nd  ftroke,  which  may  be  done 
cither  by  a  ratchet  ,wheel  or  other  cfcapcment,  or  by  a  fcrew.    He  muft  examine  all  thefe . 
objeiSls, .  and  his  ftock  of  means  in  detail  *,  fix  upon  fuch  methods  as  he  conceives  to  ba 
moft  d^ferving  of  preference ;  combine,  organize,  and  arrange  the  whole  in  his  mind  \ 
for  which  purpofe  folltude,  darknefs,  and  no  fmall  degree  of  mental  cflfbrt,  will  be  re- 
quired : — and  when  this  procefs  is  conCdcrably  advanced,  he  muft  have  recourfe  to  his 
drawing  board.     Meafured  plans  and  feftions  will  then  fliew  many  things  which  hit 
imagination  before  difregardcd.     New  arrangements  to  be  made,  and  unforefeeji  diffi* 
culties  to  be  overcome,  will  infallibly  prefent  themftlves.     The  firft  conception,  or  what 
the  world  calls  the  invention,  required  an  infinitely  fmall  portion  of  the  ability  he  muft 
now^  exert.    We  will  fuppofe,  however,  that  he  has  completed  his  drawings.    Still  he 
pofTeflfes  the  form  of  a  machine  only ;  but  whether  it  fhall  anfwer  his  purpOfe,  depends  on 
his  knowledge  of  his  materials.    Stone,  'wpod,  brafs^  lead,  iron  forged  or  caft,  and  fteel 
in  all  its  various  modifications,  are  before  him ;  the  general  procetfes  of  the  workfhop  by 
which  firmnefs,  truth,  and  accuracy,  are  alone  to  be  obtained ;  and  thofe  methods  of 
treatment,  chemical  as  well  as  mechanical,  which  the  feveral  articles  demand : — thefe  and 
numberlefs  other  practical  objeds  call  for  that  (kill  and  attention,  which  may  either 
lead  to  fuccefs,  or,  by  their  deficiency,  expofe  him  to  the  ignorance  or  obftinacy  of  his 
workmen.     If  he  (hould  find  his  powers  deficient  under  a  profpeA  fo  arduous — if  he 

• 

•  Tnofadions  of  ihe  American  Philof.  Society,  vol.  ii.  or  Repertory,  v.  184.  The  file  is  fixed  on  a  bed 
•f  lead,  and  a  chizel  fixed  at  the  end  of  a  lever,  is  (Iruck  down  with  a  hammer.  This  lever  rifes  again  of  itfelf 
by  means  of  a  fpring,  and  during  its  rife  it  moves  a  ratchet  wheel,  cotinedUd  with  the  fupport  of  the  bed^  wluch 
ionlcqueBtly  it  ihifcs  together  with  thtf  file  after  e>'ery  ftrokc|| 
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cannot  fubmit  to  the  feverc  difcipline  of  feeing  his  plans  rcverfed,  and  his  hopes  rcpcatcdljr 
deferred — if  unfuccefsful  experiment  fliould  produce  anguifh  without  affording  inftruc- 
tlon,  what  will  then  remain  for  him  to  do  ? — Will  he  embitter  his  life  1>y  direfting  his 
inceffant  efforts,  his  powers  and  refources,  to  a  fafcinating  obje£):|  in  which  his  difficul- 
*ties  daily  increafe ;  or,  will  he  make  that  ftrong  exertion  of  candour  and  fortitude,  which 
will  lead  him  to  abandon  it  at  once  ? 

Thefe  arc  the  inevitable  ftages  of  operation,  through  which  every  inventor  in  mechanics 
mud  pafs.     To  the  mere  habit  of  viewing  obje£ls  in  new  lights,  the  habit  which  leads  to 
the  outline  6f  invention,  he  muft  add  the  power  of  difpofing  his  notions  in  the  form  of 
an  individual  engine  or  indrumeht ;  and  he  muft  himfelf  become  a  workman,  capable  of 
difcerning  the  means  by  which  his  ideas  may  become  realized  in  the  proper  materials.     It 
may  perhaps  feem  as  if  I  had  feledled  an  indance  of  difficulty,  and  indulged  my  imagina- 
tion in  a  iketch  of  obdacles  feldom  likely  to  be  met  with.     This,  however,  is  far  from 
being  the  cafe.     Nothing  feems  more  finfple  and  eafy  at  nrd  fight,  than  to  make  an 
engine  to  cut  notches  fn  a  piece  of  fteel ;  and  a  vct^  ingenious  perfon,  in  the  work  above 
referred  to,  has  accordingly  given  an  accurate  depgn  of  an  engine  for  that  purpofe,  which 
no  ^dpubt  he  thinks  mud  fucceed.     But  manufafturers  well  know  the  value  of  fuch  an 
engine,  and  have' long  agd  attempted  to.  make  it  by  that  atid  various  other  methods  without 
fuccefs.     That  engine  in  pairtictilat,  promiiing  >^i4tHippears,  is  utterly  incapable  of  worl> 
ing,  for  feveral  reafons,  fcarcely  to  be  difcovet^d  but  by  praftical  men,  but  which  cannot 
•  with  fufficient  brevity  be  here  detailed.    And  with  regard  to  general  obdacles  in  the'deta^ 
of  inventions,  I  am  fo  far  froni  magnifying  them,  that  I  am  warranted  by  much  cx« 
jperience,  as  well  on  my  own  behalf,  as  that  of  others  whofe  plans  and  operations  have 
come  before  me,  to  affirm,  that  no  mechanical  invention  really  new  was  ever  brought  t|p 
its  complete  or  perfe£^  date,  at  (b  fmall  a  charge  as  three  times  the  cod  of  the  fini(be4 
engine,  exclufive  of  the  incalculable  labour  of  the  contriver.  .« 
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ICHEN,  Archil,  or  in  cafe  this  lad  cannot  be  obtained,  the  greater  itiofs  of  the  oak| 
is  dried,  cleaned,  and  pulverized  in  a  mill,  refembling  the  oil  mill|  and  then  fifted  through 
a  brafs  wire  (ieve,  the  interdices  of  which  do  not  exceed  one  millimetre  in  width  (i -250th' 
of  an  inch).  The  fifted  powder  is  then  thrown  into  a  trough,  and  mixed  with  ^n  alkali 
called  vedas,  which  is  nothing  elfc  but  the  cendres  graVelees  in  powder.  The  proportioa 
16  one  part  by  weight  <)f  the  alkali,  to  two  parts  of  the  pulverized  vegetable.  This  mix- 
ture is  moidened  with  a  fmall  quantity  of  human  urine  \  the  urine  of  other  animals 
does  not  contain  a  fufficient  quantity  of  ammoniac.  The  mixture  ferments,  and  is  kept 
moid  by  fucceffive  additions  of  urine.  As  foon  as  the  materials  have  become  red,  thcT 
are  transferred  into  another  trough,  where  they  are  again  moidened  with  urine,  and  ftirre^ 
to  renew  the  fermentation.  Some  days  afterwards  the  pade  acquires  a  blue  cofour,  in 
wliich  date  it  is  carefully  mixed  with  one  third  of  excellent  pot«a{h  well  powdered^  and 

*  From  the  Journal  du  Commerce,  copied  in  the  Decade  Philof;  kt.  Nof  57/'       "    *    •'  '^ 
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with  this  new  mixture  certain  trays  are  filled,  which  are  ofte  metre  (39^  inches)  <lAep»  and 
eight  decimetres  (314^  inches)  wide.  When  the  fermentation  wMcb  takes  place  for  the 
third  time  hasfiven  the  pade  a  conGderably  deep  blue  colour^  chalk  or  powdered  marble 
is  ^dded^  and  the  whole  is  well  and  perfeflly  mixed.    This  laft  addition  is  made,  not  to  im« 

■        

prove  the  quality  of  the  bine,  hut  to  add  weight.     It  is  merely  an  affair  of  profit.    The  bIuQ» 
thus  prepared  is  put  into  iron  moulds  32  centimetres  long  and  22  fquare  at  the  end 
{i^  inch  by  -f^  of  an  inch).    The  moulded  pieces  are  then  placed  apoQ  deal  planks,  in  well* 
aired  lofts,  to  dry  ;  after  which  they  are  packed  in  caflcs  for  iale. 

^Jfhe  Hollanders  made  a  fecret  of  this  procefs:  and  in  order  to  milleadt  they  have  publifh- 
ed,  that  the  blue  was  made  with  rags  coloured  by  the  plant  tumfol ;  whence  it  has  obtained 
its  denomination  *.     We  may  derive  much  profit  by  carrying  this  difcovery  into  pra^ice. 


VIII. 

Experiments  and  Remarhs  on  eertaim  Ranges  of  Colours  hitherta  unobfirved^  which  are  produced 
by  the  relative  Pofition  if  plain  Glnjfes  tvith  regard  to  each  other.  [W.  N.) 

JL  HOSE  ranges  of  colours  which  are  afibrded  by  the  reflexion  and  tranfmiflBon  of  light 
through  thin  tranfparent  plates,  have  been  an  obje^^  of  much  attention  to  philofophers,  ever 
fince  the  experiments  made  by  Robert  Hooke  and  Sir  Ifaac  Newton*  The  latter  of  thefe 
philofophers  endeavoured  to  generalife  the  faAs  by  a  ftatement,  whicl^  becaufe  in  part  hy- 
pothetical, has  been  treated  with  contempt  by  fome  eminent  men,  though  it  has  been  re- 
fierred  to  in  moft  difquifitions  on  thefe  phenomena.  When  a  convex  lens  is  applied  to  a 
plain  glafs,  it  is  well  known  that  coloured  circles  furround  the  place  of  conta£^  j  and  as 
thefe  circles  are  found  to  vary  in  their  dimenfions,  the  nearer  the  glafies  lie  with  refpe£l  t.a 
each  other,  whether  by  means  of  the  curvature  or  of  preiTure,  it  has  been  concluded  that 
the  effeAs  are  caufed  or  governed  by  the  diftances  of  the  furfaces.  From  various  confidera* 
tions  Sir  Ifaac  was  led  to  conclude,  that  the  rays  of  light  are  themfelves  pofiefied  of  a  pro- 
perty, by  which,  in  certain  equididant  points  of  their  length,  they  are  difpofed  to  entev^ 
tranfparent  bodies,  and  in  certain  other  points,  intermediate  between  thefe,  they  are  dif- 
pofed to  be  refle^ed.  From  this  aiTumption  he  deduced,  that  if  a  ray  of  light  pajQed 
dirough  the  firft  furface  of  a  mediunn  it  would  be  either  tranfmitted  or  refieAed  at  the 
fecond  furface,  accordingly  as  the  diftance  might  happen  to  cc^ncide  with  a  point  of  tranf- 
Aiiffion  or  rcheGiion.  According  to  this  doftrine,  it  mud  follow  that  the  interval  will 
^dftem  the  tffeQ,  not  in  confequence  of  its  own  magnitude,  but  of  the  precife  number  of 
sneafures,  or,  as  he  calls  them,  fits  of  tranfmiffion  or  reflexion  it  may  contain.  , 

Thus,  for  example,  if  we  fuppofe  a  ray  of  indefinite  length  to  be  divided  into  equal  parts^ 
and  imagine  certain  marks  of  divifion  to  fubfift ;  if  the  ray  pafs,,  through  the  firft  furface  of  » 
medium  exa£tly  at  one  of  thefe  marks,  it  will  be  tranfinitted  through  any  furface,  however 
dlftant,  which  fliall  be  remote  from  the  firft,  either  nearly  or  accurately  fome  precife  num- 
ber of  parts  i  becaufe  the  fits  of  tranfmiffion  are  refpeflively  at  thofe  points  or  marks :,  and 

•  Engtifh  writers  have  ufed  chi»  dcnominatioD.    But  the  dry-faltcn,  or  dealers  in  drugs,  diftioguiih  thefe 
^iftils  by  the  name  oC  litmus. 


\ 


^  Untowtnc9i  Cihari  proJuad  in  Flat  Ptatts  •/  Glff/i*  tx\ 

.,,bn  thcbthcr  hand,  it  will  be  refle£led  from  any  furface  whofc  diftance  is  mcafurtd  by  foam 
;  number  of  whole  parts,  together  with  half  a  part  i  bccaufe  the  fits  of  refleftion  lie  half-way 
between  the  divifions.    In  this  (latement  I  have  merely  enunciated  what  are  fuppofed  to  \t 
the  fafls,  and  haye  not  .attended  to  his  fuppofition  of  an  etherial  elaftxc  fluid,  pervading 
•II  fpace  and  thrown  into  undulations  more  rapid  than  the  velocity  of  light  itfelf.     Neither 
^n  I  at  prefent  enter  into  any  difcoflion  concernirg  its  probable  value.     My  prefent  obje£l 
"  IS  to  relate  a  few  experiments,  which,  ac  the  fame  time  that  they  (hew  the  exigence  of 
thefe  fits  at  very  confiderable  intervals,  pppear  to  prove  that  the  reflexion  and  tranfmiflion 
of  light  in  the  fame  medium  is  governed  by  other  circumftances  as  well  as  by  the  diftance 
between  the  confines  or  furfaces.     Thefe  experiments  lead  to  many  fpeculations  and  ex- 
tended paths  of  enquiry.     It  has  long  been  my  intention  to  multiply  and  repeat  them,  iif 
order  to  difcover  the  laws  upon  which  they  depend :  but  other  avocations  have  already  de- 
layed the  accomplifhment  of  this  purpofe  for  more  than  fevcn  years ;  for  which  reafon,  I 
hope  that  my  defire  to  fee  the  objefl  purfued  by  others  may  operate  as  an  apology  for  the 
imperfedl  ftate  of  the  refearch,  of  which  I  here  prefent  the  commencement. 

The  experiments  of  the  Abbe  Mazeas  on  colours  produced  by  applying  flat  plates  of  glaCi 
to  each  other,  are  related  at  full  length  in  Prieftley's  Hidory  of  Light  and  Colours,  p.  499. 
This  philofopher  found,  that  rubbing  the  glalTes  together  caufed  the  colours  to  appear  at  the 
fame  time  that  adhefion  took  place  between  them,  and  Mufchenbroeck  found  that  lenfes  of 
long  focus  do  not  afford  colours  after  having  been  laid  by  for  a  length  of  time  unlefs  thef 
be  waihed  and  wiped.  One  of  the  mod  remarkable  circumftances  in  the  experiments  of 
Mazeas  was,  that  the  colours  of  his  flat  plates  are  moveable  by  a  very  flight  increafe  of 
temperature ;  which  produces  an  tStfk  fimilar  to  what  would  have  arifen  from  removing 
the  glafles  further  afunder,  or  diminifhing  the  preflTure  which  might  have  been  applied  to 
them.  Beccaria  wts,  I  believe,  the  firft  who  obferved  that  thefe  colours  may  be  produced 
by  fuperinducing  an  ele£iric  charge  on  the  external  furfaces  of  two  plates,  which  are  by 
this  means  made  to  adhere.  But  in  all  the  obfervations  I  have  met  with,  whether  made  by 
Prieftley  in  his  Hiftory,  or  by  any  other  writer,  thefe  powers  have  been  fuppofed  to  operate 
by  increafing  or  diminifhing  the  diftance  between  the  furfaces.  The  following  fa£ts  will 
fliew  that  this  conclufion  requires  to  be  modified.  ^ 

In  the  year  1791  I  cut  a  plate  of  very  clear  glafs  into  portions,  which  were  intended  to 
be  ufed  to  defend  a  veflTel  of  quickGlver  from  the  agitation  of  the  air.  Its  colour,  when 
viewed  edgewife,  was  a  very  light  green,  and  it  had  been  carefully  ground  by  an  optician^ 
with  its  fides  truly  parallel  to  each  other.  The  thicknefs  was  twelve  hundredths  of  an 
inch.  A  piece  3,2  inches  long  and  2,4.  wide  was  laid  upon  another  larger  piece,  both 
having  been  previoufly  wiped,  fhe  refult  was,  that  faint  colours  appeared  in  rows  about 
fix  or  feven  in  number.  Prefliire  appeared  to  alter  thefe  very  little  in  poQtion  ^  but  it  pro-* 
duced  other  more  vivid  colours,  which  were  much  more  moveable,  and  croflcd  the  former 
without  aflPeAmg  them.  The  fcarcely  moveable  ranges  were  very  little  difturbed  by  the  heat 
.of  the  finger  applied  againft  the  undermoft  glafs  \  though  this  application  was  fuflicieat  to^ 
produce  «  very  grelt  alteration  in  the  figure  of  the  other  ranges.  When  the  upper  glafs 
was  lightly  placed  upon  the  lower,  the  faint  and  fcarcely  moveable  ranges  appeared  alone^ 
md  the  glaflfes  had  very  little  adhefion  ;  fo  that  the  uppermoft  Aided  about  on  the  larger 
plate  beneath^  without  fceming  to  carry  the  ranges  with  it>  but  arrived  at  other  ranges 
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which  from  their  immobility  feemed  as  if  attached  to  the  lower  giafs.  Thefe  fcarcelf 
moveable  colours,  however,  were  quickly  moved,  and  brought  nearer  to  each  other  by  raiGng 
one  edge  of  the  glafs  with  the  hand  ;  and  they  continued  vifiblc  when  the  glafs  was  lifted 
as  high  as  one- fortieth  or  thirtieth  of  an  inch,  by  flipping  a  knife  under  its  edge.  When 
«  plate  of  metal  was  pbced  beneath  the  lower  glafs,  and  eleftricity  (which  from  the  difpo(i« 
tionof  die  machine  happened  at  that  time  to  be  negative)  was  communicated  to  the  upper 
plate^  the  vivid  colours  appeared,  and  the  adheuon  of  the  glaflcs  was  increafed ;  but  the 
fcarcely  moveable  ranges  remained  little  if  at  all  affeded.  When  the  glaflcs  were  taken  from 
the  machine  towards  the  window,  the  vivid  colours  flowly  receded  as  the  elevSricity  was 
difperfed,  and  in  this  ftate  they  were  very  advaotageoufly  and  evidently  fcen  crofllug  the 
other  lefs  moveable  ranges. 

Thefe  fads  appeared  at  that  tjme  to  lead  to  no  other  conclufion  than  that  the  moveable 
rmges  had  been  diflurbed  by  fome  other  circumdance  befides  that  of  the  mere  didance  of 
the  plates :  for,  if  the  didance  had  indeed  been  varied^  it  feems  reafonable  to  fuppofe  that 
both  fets  pf  ranges  would  have  been  afi*e£led. 

Soon  afterwards,  upon  making  fome  obfervations  with  the  artificial  horizon,  and  a 
fextant  condruQed  by  Troughton,  I  obferved  a  feries  of  colours  in  the  horizon-glafs,  when  , 
the  j>ofition  of  zero  was  to  be  afcertained.  They  appeared  both  in  the  filvered  and' the 
clear  part.  The  pofition  of  the  glafles,  when  the  colours  were  feen,  was  very  nearly 
parallel  as  to  the  vertical  fituation  of  the  planes  \  but  it  admitted  of  the  index  being  moved 
through  nearly  fc)rty  minutes  before  they  difappeared*  Thefe  glafles,  namely  the  index- 
glafs,  and  the  horizon-glafs,  were  3!  inches  afunder. 

This  lad  fadi  appears  to  judify  the  inference  of  Newton,  who  confidered  the  colours  of 
thick  and  thin  plates  as  depending  on  the  fame  caufe ;  which  do£lrine  was  applied  by  Dr. 
Pemberton,  to  account  for  the  numerous  ranges  of  colours  fometimes  obferved  beneath  the 
common  rainbow  *. 

As  one  of  the  greated  difficulties  in  Newton*s  do£irine  feems  to  have  been  that  the  fits 
of  refle£lion  and  tranfmiflion  are  fuppofed  to  extend  to  vad  didances,  it  feemed  defirable  to 
repeat  this  experiment  with  as  great  an  interval  between  the  glaflcs  as  could  conveniently  be 
had.  With  this  view  I  placed  one  plate  of  glafs  on  the  furface  of  a  veflTel  of  mercury,  and 
licld  another  in  my  hand  parallel  to  it,  in  fuch  a  poGtion  that  the  reflefted  light  from  the 
firft  pafled  through  the  fecond  glafs  to  my  eye.  The  white  clouded  flcy  and  the  chimney 
of  an  oppofite  houfe  were  feen  by  refleftion  in  both  glafles,  and  it  was  eafy  to  move  the 
lipper  glafs  till  both  images  of  the  chimhey  coincided.  In  this  pofition  the  glafles  would 
have  been-parallel  if  the  obje£l  had  been  indefinitely  didant;  but  in  the  prefent  cafe,  the 
parallelifm  could  not  be  obtained  but  by  a  flight  elevation  of  the  moveable  image.  By  this 
difpoGtion  the  colours  were  made  to  appear  when  the  plates  were  four  feet  afunder,  and  I 
have  no  doubt  but  that  the  fame  would  have  happened  at  much  greater  didances  if  the  im- 
perfeft  method  of  adjuding  the  parallelifm  could  have  been  applied. 

The  fame  effe£t,  as  might  naturally  be  expefted,  took  place  when  the  eye  was  {o  placed 
as  to  receive  the  reflefted  light  from  the  lower  glafs,  after  it  had  been  tranfmitted  through  the 
vpper. 

♦  Phiiof*  Tranf.  abridgedi  vol.  vii.  or  Pricflley'a  Optics,  p.  5^.  , 

In 
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In  adilition  W  thefc  obfcrvations,  it  may  be  rcniarUd,  thnt  1  have  not  obfcrvoJ  tbeft 
colours  ill  fuch  plates  of  common  looking-gUfs  as  1  have  tried  ;  tliat  they  do  not  a;^pear  in 
^  Tmall  pocket  fcKtant  which  1  poQefsj  that  tlic  dirpontlon  to  exhibit  thefc  colours  fecms  to 
be  iQcrcdfed  by  wiping  or  fricliou,  and  alfo,  as  I  Oiink,  by  a  gontiiiuancc  of  ihc  adion  which 
is  nccefliiry  to  pruduce  ihem,  or  caufe  them  to  run  -along  the  Surface  of  the  gla{res. 


Sme  A(c9iint  of  the  Country  and  Clhnatt  of  the  Nerlh  ivrfi 
C.  Sfyjx,  P.iyiMjtr  to  the  W-jhi 


sof  A>,, 


By  M>tjir 


"  This  country  is  yet  new,  and  almofl  In  a  tliitc  of  nature,  like  its  inhabitants.  It  is  true 
the  foil  is  extremely  rich  and  fertile  ;  and  it  is  to  a  fuiKrabunJant  burden  of  vegetation^ 
and  a  flat  furfacc  for  hundreds  of  miles  togetlicr  producing  much  ftagnant  water,  that  we 
may  attfibuie  the  unwholfomenefs  of  the  clima;c,  which  is  almoU  certain  to  affeft  the  in- 
habitants whh  bilious  complaints  every  fall  f. 


•'  Gen.  Wilkinfon  arrived  here  in  June  this  year,  and,  after  making  fomc  prompt  arrange- 
ments for  the  garrifon,  propofcd  a  voyage  to  Micbilimackinac,  and  invited  me  to  accompany 
him  i  and  on  the  4th  day  of  .Auguil  wc  embarked  in  a  (loop  of  about  70  tons  burthen. 
Wc  had  a  fafe  and  pleafant  trip,  not  only  to  Micbilimackinac,  but  even  into  Lake  Superior^ 
and  returned  to  tills  place  on  the  4rh  of  laft  niomh,  highly  gratified  indeed, 

**  We  firll  left  this  place,  and  traverfed  Lake  Sinclair,  a  haudforac  circular  lake  about 
twenty-five  miles  acrofs,  Wc  then  proceeded  up  the  river  of  that  name,  which  is  broad 
and  very  handfome,  for  about  forty  miles,  to  a  rapid  at  the  entrance  of  Lake  Huron; 
naverfed  this  immenfe  beautiful  lake,  three  hundred  miles  long  j  and  acrivcd  on  the  15th  of 
Auguft  at  the  ftrcighc  which  unites  it  to  Lake  Michigan.  This  ftrcight  iS  broad  j  and  the 
Iflc  dc  Bois  Blanc,  or  White  Wood  IQand,  Round  Iflaud,  and  Micbilimackinac  lUand  form 
z  clutter  in  the  middle  of  tlie  flreight,  and  afford  a  romantic  and  majcflic  landfcape  fromjihe 
fca.  The  lile  de  Bois  Diane  is  eleven  miles  and  a  half  long,  and  from  two  to  three  wide, 
lying  parallel  to  the  two  coalis  of  the  freight,  but  neaiefl  to  the  fouth>lide.     Round  Illand 

•  Froni  the  Medical  Rcporitory,  printed  at  New  York,  vol,  i.  p.  51*.  Ii  is  introduccil  by  ihe  follo\viiig 
Nolc  of  the  Ameriun  Ediior : 

Note.  The  foilmvLng  Ariicle  confiai  of  Extraflj  from  a  Letter  of  Major  Swan  to  Csjit.  Fryc,  cotnmand. 
Ui  of  the  gviriiron  at  Govirnor'j  Ifland,  nho  was  To  obliging  a  to  communicate  ihcm  to  ooe  of  the  Eilitort ; 
and  ihey  arc  oow  made  public  with  the  cooTcDt  of  the  Author.  Thefe  Exirafii  are  briefly  nude  from  a 
Jouroal  kept  hy  Majur  Swan  >t  ihe  time  i  and  are  ioferted  for  the  threcKiIJ  purpofc  of  iUuHrating  the  table  of 
lliermomcttical  obfervalions  which  ioWow,  of  ccnununicatinga  Ihoct  but  authentic  view  of  a  pan  of  the  Dorth- 
weftero  territory,  and  of  invicutg  funhei  informatiop. 

t  Tbde  rtmaiki  have  particular  reference  to  the  neTghbourhood  of  D'Etroit. 
'...    .  It 
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IS  about  three  miles  in  circumference,  and  lies  at  the  upper  or  footh-weft  end  of  De  Bets 
Blanc.  The  ifland  of  MichilimacUnac  is  circulari  and  lies  between  the  upper  end  of  Dt 
Bois  Blanc  and  the  north- weftern  coaft  of  the  ftreight  (  hating  a  channel  of  about  one  mile 
and  a  half  between  it  and  De  Bgis  Blanc,  and  a  channel  of  nine  miles  between  it  and  the 
n^rth-wedern  qoaft  of  the  (hreight.  It  meafures  ieven  miles  and  three  quarters  in  circum* 
ference,  and  is  nearly  circular.  On  the  fouth-Gde  of  this  ifland  there  is  a  fmall  bafon  of  a 
fcgment  of  a  circle,  fenring  as  an  excellent  harbour  for  veflels  of  any  burthen,  and  for  canoes* 
Around  this  bafon  the  village  is  built,  having  two  (Irects  of  nearly  a  quarter  of  a  mile  in 
length,  a  Roman  chapel,  and  containing  eighty-nine  houfes  and  ilores ;  (ome  of  them 
fpacious  and  handfome,  with  white  lime  plaftering  in  front,  which  fhews  to  great  advan- 
tage from  the  fca.  At  one  end,  and  in  the  rear  of  the  town,  is  an  elegant  government  houfe 
of  immenfe  fize,  and  finifhed  in  great  tafte.  It  is  in  the  form  of  I|v|| ;  one  (lory  high,  the 
rooms  ^fteenfeet  and  a  half  in  the  clear.  It  has  a  fpacious  garden  in  front,  laid  out  with  tafie^ 
and  extending  from  the  houfe  on  a  gentle  declivity  to  the  water*s  edge.  There  are  two  na* 
tural  limpid  fprings  in  the  rear  of  the  houic,  and  a  very  lively  grove  of  fugar-trees  called  the 
Park.  Suitable  out-houfes,  ftables  and  offices  are  added  ;  and  it  is  enriched  on  three  fides 
with  beautiful  diftant  profpeSs.  Twenty  rods  from  the  rear  there  is  a  fudden  and  almoft 
perpendicular  afcent  of  about  a  hundred  feet  of  rock,  upon  the  top  of  which  (lands  the  fort^ 
built  of  (lone  and  lime,  with  towers^  baftions,  &c.  occupied  by  our  troops,  and  coitamand- 
cd  by  Major  Burbeck.  About  half  a  mile  from  the  fort,  in  the  rear,  there  is  an  eminence 
which  I  edimate  to  be  about  two  hundred  and  fifty  feet  from  the  furface  of  the  water.  This 
fpot  commands  an  extenfive  and  fublime  view  of  the  adjacent  country.  The  fort,  the  viU 
lage,  the  neighbouring  iflands  and  channels  feem  prodrated  at  your  feet)  while  to  the 
fouth-wed  you  look  into  the  immenfity  of  Lake  Michigan,  which  lofes  itfelf  in  the 
Touthem  hemifphere ;  and  to  the  north-wed  the  great  Lake  Huron  lies  expanded  to  tKe 
.  bounds  of  the  horizon.     It  was  a  beautiful  morning  when  I  had  this  view. 

"  This  celebrated  dreight  is  the  only  key  to  the  immenfe  lucrative  (kin  trade  now  folely 
Carried  on  by  Briti(h  fubje£ls  from  Montreal,  with  the  nations  of  Indians,  called  th# 
Sauteurs  or  Chipewas,  Sioux,  Reynards,  &c.  who  inhabit  the  water-courfes  that  fall  into 
the  Mi(rifnppi  bettireen  the  Illinois  and  the  falls  of  St.  Anthony.  Canoes  are  loaded  and 
fitted  out  by  thefe  traders  every  year  from  Michilimackinac.  They  commonly  fet  out  in 
July,  and  return  in  June,  July  or  Augud  the  year  following,  to  Michilimackinac,  from 
whence  they  darted.  Here  they  are  ^gain  met  by  the  Montreal  canoes  with  fre(h  goods, 
exchange  loading,  and  each  return  from  whence  they  came.  The  Montreal  canoes  pene- 
trate to  Michilimackinac  by  way  of  Grand  River ;  which,  with  the  exception  of  a  fmall 
portage,  conveys  them  to  the  northern  point  of  Lake  Huron  \  and  return  by  the  fame  route. 
Thofe  from  Michilimackinac  penetrate  the  interior  or  Indian  country  by  way  of  Green 
.Bay,  a9  arm  of  Lake  Michigan,  thence  through  Fox  River  into  the  MifiilDppi  and  its 
tributary  dreams ;  and  return  alfo  to  Michilimackinac  by  the  fame  route. 

•*  On  the  22d  of  Augud  we  left  Michilimackinac,  and  on  the  23d  anchored  in  the 
ftreight  of  St.  Jofeph,  which  leads  to  Lake  Superior.  At  this  place  nature  has  difplayed 
very  hand{bmely  again.  The  mouth  of  the  dreight  is  about  thirty  miles  wide,  but  fo 
ftrewed  over  with  innumerable  fmall  circular  iflands  that  it  is  diflicult  to  obtain  a  view  in 
any  dire^ion  of  more  than  fix  or  eight  miles.    Indians  have  fomeiioies  been  lod  among 
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thefe  iflands  for  weeks  together.  They  extend  into  Lake  Huron,  and  continue  along  the 
north-weft  coaft  of  the  lake  for  an  hunched  and  eighty  miles,  and  are  called  by  the  favages 
the  Meneto  or  Devil's  iflands.  From  the  entrance  of  the  ftreight  at  a  place  called  the 
Detour,  it  is  nine  miles  to  the  new  Britilh  garrifon  built  on  the  point  of  the  ifland  of  St. 
Jofcph,  commonly  called  the  Carraboo  ifland.  This  is  the  largefl  in  the  ftreight ;  being 
about  twenty-five  miles  long,  and  from  ten  to  three  broad* 

"  On  the  23d  of  Augull:  we  left  the  vefTel,  embarked  in  three  canoes,  afcended  the 
iircight  in  what  is  called  the  Canoe  channel,  and  encamped  at  Muflvito  Point. 

"  The  24tli,  at  one  o'clock  P.  M.  we  arrived  at  the  falls  of  St.  Marie,  called  le  Saut  de 
St,  Marie.  Thefe •falls  are  about  three-quarters  of  a  mile  long  and  half  a  mila  wide  ;  the 
Ripid  not  violeur;  and  the  perpendicular  of  the  whole  fall  about  thirty  feet.  There  is  a  fmall 
kind  of  village  on  the  United  States  fide  containing  fundry  large  warehoufcs,  and  a  few 
Accent  dwclling-houfes  occupied  by  the  Agents  of  tlic  Canada  North-weft  leading  Com* 
fany.    There  is  not  a  clear  white  woman  in  the  place. 

*  •  •  ♦  «  The  25th  it  rained         ♦  #  ♦  *  ♦ 

*^  •^  *  *•  On  the  26th  we  fet  off  In  two  bark  canoes  from  the  upper  end 

6f  the  portage  for  Lake  Superior.  ♦  •  *.  At  one  o'clock  P.  M.  we  entered 
Xake  Superior ;  looked  fairly  into  it ;  drank  of  its  waters ;  ate  our  dinner ;  and  put  about 
with  a  fine  fair  wind.  We  reached  the  falls  again  at  four  o'clock  in  the  afternoon  \  placed 
^experienced  guides  with  ftrong  paddles  in  the  bow  and  ftern  of  each  canoe;  hoifted  the 
£fteen  ftripes  -,  and  launched  into  the  bofom  of  tlxe  catara£t»  In  a  moment  we  were  fafe 
in  the  bafon  at  the  bottom  of  the  falls  I 

"  We  embarked  early  on  the  27th.  Having  a  ftrong  current  and  fair  wind  we  defccnd* 
«d  in  the  (hip  channel,  and  reached  the  veiTel  at  Carraboo  ifland,  at  nine  o'clock  in  the 
jcvening. 

**  The  28th  we  put  to  fea  again ;  and  on  the  4th  of  September  at  fun-down  reached 
this  place. 

"  I  inclofe  to  you  herewith  degrees  of  heat  which  were  afcertained  by  regular  obferva- 
tion  with  Fahrenheit's  thermometer  crcfy  day ;  by  which  you  will  perceive  that  the  temper 
.  rature  of  the  Lakes  differs  widely  from  that  of  tlie  Atlantic  country." 


On  comparing  the  Table  of  Obfervations  which  Is  annexed  with  obfenratlons  made  on. 
the  fame  days  in  this  city,  the  difference  will  appear  fo  remarkable  that  the  reader  may  fuf» 
peft  fome  error  in  the  inftmment  made  ufc  of  by  Major  Swan  ;  and  fuch  were  my  fufpi* 
cions.  But  eroding  the  Eaft  river  to  Governor's  Ifland  in  company  with  that  gentleman 
on  the  4th  of  March  1 798,  he  obferved,  that  the  wind  which  wc  then  felt,  and  which  wa^ 
very  briflc,  refembled,  in  point  of  temperature,  that  which  he  experienced  on  Lake  Huroa 
X)n  the  T4th  and  15th  of  Auguft  1797  ;  and  added,  that  on  the  fame  evening  a  froft  a{ie£led 
the  gardens  at  Michilimackinac  fo  fcvercly  as  to  deftroy  the  greater  part  of  the  vegetable^. 
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jln  EJfay  on  the  Art  of  conveying  ' Secret  and  Swift   hiteltigcnde,      By  Rl CHARD  LorE£t. 

Edgeivorth^  Efq.  F.  R.  S.  and  M.  R.  I.  A.  *. 

iVAoDELS  of  the  French  Telegraph  have  been  fo  often  exhibited,  and  the  mi^hiae 
ttfelf  is  fo  well  known,  that  it  is  not  neceflary  to  defcribc  it  minutely  in  this  place.  It  is 
fufficient  to  fay,  that  it  confilts  of  a  tall  pole,  with  three  moveable  arms,  which  may  be 
•feen  at  a  confiderable  diilance  through  tclefcopes  ;  thefe  arms  may  be  fet  in  as  many  dif- 
ferent pofitions  as  are  requifite,  to  exprcfs  all  the  letters  of  the  alphabet : — By  a  fucceifive 
corhbination  of  letters  ftiewn  in  this  manner,  words  and  fentences  arc  formed,  and  ittttU 
ligence  communicated.  No  doubt  can  be  made  of  the  utility  of  this  machine,  as  it  has 
been  applied  to  the  moft  important  purpofcs.  It  is  obvioully  liable  to  miftakes,  from  the 
number  of  changes  rcquiute  for  each  word,  and  from  the  velocity  with  which  it  mud  be 
moved  to  convey  intelligence  with  any  tolerable  expedition. 

The  name,  however,  which  is  well  chofen,  has  become  fo  familiar,  that  I  (hall  with  a 
flight  alteration  adojJt  k  for  the  apparatus  which  I  am  going  to  defcribc.  Telegraph  \%  % 
proptfr  name  fot  a  miicTiine,  which  dcfcribcs  at  a  didance.  Tcleh^raph^  or  contra£tedIr 
Tethgrdph^  is  a  proper  name  for  a  machine  that  defcribes  nuords  at  a  di(iance. 

Dr.  Hooke,  to  whom  every  mechanic  philofopher  mud  recur,  has  written  an  cffay  upon 
the  fubjeft  of  conveying  fwift  intelligence,  in  which  he  propofes  to  ufe  large  woodeil 
letters  in  fucceflion.  The  fiegc  of  Vienna  turned  his  attention  to  the  bufinefs.  Thii 
method  is  more  cumbrous  than  the  French  Telegraph,  but  far  lefs  liable  to  errot. 

I  tried  it  before  I  had  feen  Hooke's  work  in  the  year  1 767,  in  London  s  and  I  could^ 
diftin£lly  read  letters  illuminated  with  lamps  in  Hampftead  church-yard,  from  the  houfe 
of  Mr.  Elers  in  Great  RafTel  Street,  Bloomfbury,  to  whom  I  refer  for  the  date  and  cir- 
cumftance. — ^To  him  and  to  Mr.  E.  Delaval,  F.R.S.  to  Mr.  Perrot  of  Harehatch,  and  to 
Mr.  Woulfe  the  chemift,  I  refer  for  the  precedency  which  I  claim  in  this  invention.  In 
that  year  I  invented  the  idea  of  my  prefent  tellograph,  propofing  to  make  ufe  of  windmill  . 
fails,  indead  of  the  hands  or  pointers  which  I  now  employ.  Mr.  Perrot  was  fo  good  as 
to  accompany  me  more  than  once  to  a  hill  near  his  houfe,  to  obferve  with  a  telefcope  a. 
windmill  at  Nettlebed  ;  which  places  are,  I  think,  (ixteen  miles  afunder.  My  intention  at 
that  time  was,  to  contrive  not  only  a  fwift  but  an  unfufpe£ied  mode  of  intelligence :  By 

•  Tranfaftions  of  the  R.  lri(h  Academy,  vr.  115,     The  firft  part  of  this  paper  cqnfifti  of  near  thirty  pages 
of  very  iaterettin^  hiftorical  detail,  refpcfting  the  art  of  coQVeying  iaiclligencc  by  foun(U  and  fignals.     Ji  was 
ipraftifcd  by  Thcfcus,  in  the  Argonautic  expedition  ;  by  Agamemnon,  at  the  ficgc  of  '^'roy  ;  and  by  Mardonius,  ^ 
in  the  time  of  Xerxes.     It  is  frtquciitly  mentioned  in  Thucydidcs;  it  wis  ufed  by  Tamerlane j  by  the  Moors    » 
in  Spain;  and  by  the  Welch  in  Bntiin  ;  by  the  Irifli;  and  by  the  Chincfe,  on  their  famous  wall  of  fifteen 
hundred  mills,  by  which  tlicy  f:  puratcd  ihcmfclvcs  from  Tartary.     I  have  omitted  this  part  on  account  of  its 
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moons  of  common  windmills  this  might  have  been  efiectedy  before  an  account  of  tho 
French  Telegraph  was  made  public  •. 

My  machinery  confids  of  four  triangular  pointers  or  handSf  eadi  of  which  points  lite 
.the  bands  of  a  dodc  to  difierent  Ctuations,  in  the  circles  which  they  defcribe. 
\     It  IS  eafy  to  diflinguifii  whether  a  hand  morihg  Yertically^  points  perpendicakriy  down* 
wards  or  upwards^  horizontally  to  the  right  or  left,  of  to  any  of  die  four  intermediate 

fitaations. 

The  eye  can  cafily  perceive  the  eight  different  pofitions  in  which  one  of  the  pointers  is^ 
Tcprefented,  plate  xiii.  fig.  i.  by  turning  the  eye  to  the  circle  A, 

A  fimilar  circle  may  be  imagined  round  each  of  the  pointers,  by  which  Ae  numbers 
which  they  are  intended  to  exprcfs,  may  be  dircovered  with  much  facility. 

Of  thcfe  eight  pofitions,  feven  only  arc  employed  to  denote  figures;  the  upright  pofition 
of  the  hand  or  pointer  being  referved  to  reprefent  O  or  Zero;  The  figures  thus  denoted, 
refer  to  a  vocabulary  in  which  all  the  words  are  numbered.  Of  the  four  pointers,  plate  L 
that  which  appears  to  the  left  hand  of  the  obferver,  reprefents  thoufands,  the  otiiers  bun- 
dred?,  tens  and  units  in  fucccflion,  as  in  common  numeration. 

+  In  the  annexed  plate  the  four  large  pointers  ftand  at  2774,  which  in  the  common  ar* 
rangement  of  my  vocabulary,  denotes  the  Ropl  Irifli  Academy.  For  permanent  Rations^ 
which  may  be  feen  clearly  with  tolerable  glaffes  at  twenty  miles  diftance,  ftonc  or  wooden 
pillars  fixteen  or  twenty  feet  high  mud  be  folidly  ere£ced  :  on  the  top  of  thefe  a  move- 
able circle,  or  platform,  turns  horizontally  upon  a  centre:  on  this  ptatform  an  axis  moves 
vertically.)  and  carries  the  arm  or  pointer  along  with  it.     Eight  handles  turn  the  pointers, 

m 

•  Since  this  paper  was  written  I  received  a  Icncr  from  Mr.  Pcrrot,  which  has  been  feeii  by  the  Prefidenr, 
fontaiciDg  the  following  paflagc. 

"  I  pcrfc6lly  recollect  having  fevcral  convcrfations  with  you  in  17^7,  on  the  fubjcA  of  a  fpecdy  and  fccrct 
**  conveyance  of  intelligence :  I  rccoMc^t  our  going  up  the  hills,  to  fee  how  far  and  how  diftin6tly  the  arm* 
♦*(and  the  pofition  of  ihcm)  of  Nettlcbed  windroiii  were  to  be  difcovered  with  tafc.  As  to  the  experiments 
*^  from  Htghgate  to  London,  by  means  of  lamps,  I  was  not  prcfent  at  the  time ;  but  I  remember  your  mention*^ 
"  ing  the  circumftance  to  me,  I  believe  in  the  fame  year.  All  thefe  particulars  were  brought  very  ftrongly  to 
*'  my  memory,  when  the  French  a  few  years  ag9  conveyed  intelligence  by  fignals;  and  I  then  thought  and 
**  dtclared,  that  the  merit  of  the  invention  undoubtedly  belonged  to  you.— -I  am  very  glad  that  I  have  it  in 
"  my  power  to  fend  you  this  confirmation,  becaufe  I  imagine  there  is  no  other  perfon  now  living  who  can  wit* 
**  nrft  your  obfiervationt  in  Berklhire." 

f  I  inferty.  Plate  xiii.  fig.  %•  a  line  defcribed  by  telegraphs  as  an  example.— Jt  is  the  firft  line  of  the  foUowii;»g^ 
ncffes,  written  oa  the  proTpe^  of  eorrefponding  between  England  and  Ireland  by  the  Telegraph  :. 

'Hark  from  Bafaliic  rocks  and  giant  waUs, 

To  Biitain's  Hiores  i4ie  glad  Hibcrnia  calls; 

Her  voice  no  longer  waits  retarding  tides. 

The  meeting  coafls  no  more  the  fea  dTvides. 

Quick^  at  the  voice  of  fortune,  or  of  fame. 

Kindles  from  &ore  to  fliore  the  patriot  fiame  \. 

HovVing^n  air,  each  kitidred  genins  (miles,. 

And  binds  with  clofcr  bands  the  fifter  ifles. 
The  mimbers  are,  2645,  *33'»  573^  >'^3>  *44»  24.11,  6336. 
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^rhich  are  fixed  in  their  different  pofitions  by  a  catch  or  alidad.    By  means  of  the  platfonn^ 
the  pointer  may  be  turned  to  any  part  of  thecompafsj  and  as  one  fide  of  it  is  painted 
•black  and  the  other  white,  either  fide  may  be  employed,  as  the  colour  of  the  clouds,  or  the 
'Ctuation  of  the  place,  n»f  require^ 

Bcfides  thefe  permanent*  naachines,  of  which  dimenfions  and  a  dcfcription  are  fubjoined 
in  plate  xiii.  I  mak^ufe  of  portable  machines,  (which  may  be  detached  like  tentacula  from 
the  main  body  in  hazy  weather,)  confiding  of  pointers  ten  or  twelve  feet  high,  and  of  a 
light  triangular  ftand,  which  can  be  cafily  fattened  with  tent  pegs  to  the  ground  :  tliefe  may 
be  lodged  in  any  houfe  near  the  place  where  they  are  ufed,  or  in  times  of  danger  may 
be  carried  back  to  the  permanent  ftations  every  night. 

In  managing  a  correfpondence  by  thefe  machines,  it  is  neceflary  to  have  certain  fignalt 
eftabliflied :  nor  are  thefe  fignals  merely  arbitrary ;  it  is  abfolutely  neceflary  that  they 
(hould  be  made  by  the  two  external  or  by  the  two  internal  pointers,  clfe  they  could  not 
be  repeated  by  the  intermediate  ftations  without  confufion ;  becaufe,  in  the  middle  ftations, 
that  pointer  whiiih  reprefcnts  thoufands  when  conveying  a  mefiage  eaftward  for  inftance, 
mult,  when  anfwer  is  returned  in  an  oppofite  direftion,  reprefent  units ;  the  fame  change 
will  take  place  between  the  pointers  that  denote  hundreds  and  tens- 
Certain  hours  of  the  day  muft  be  appointed  for  ordinary  communication.  Suppofe 
ten  o'clock  in  the  morning,  and  five  in  the  afternoon  in  fummer.  Every  communication 
begins  from  the  capical.  If  no  intelligence  is  required  to  be  conveyed  from  thence,  the 
word  BEGIN  is  fent  to  the- county  ftation,  which  may  then  proceed  or  difmifs  the 
meeting. 

When  any  communication  is  to  be  commenced,  the  pointers  that  denote  thoufands  and 
units  arc  whirled  round,  till  the  fame  is  done  at  the  correfponding  ftation.  When  this 
Tignal  has  been  anfwered,  the  perfon  who  gave  it  proceeds  to  fend  his  intelligence.  Ag 
foon  as  he  begins,  the  pointer  of  hundreds  at  the  oppofite  ftation  is  turned  to  two,  and 
kept  in  that  poGtion  till  the  word  is  made  out  from  the  vocabulary;  it  is  then  turned  up 
to  O  or  Zero.  The  perfon  who  is  fpeaking,  when  he  perceives  by  this  fignal  that  he  is* 
underftood,  turns  all  the  machines  to  nought,  which  ii  always  to  be  done  at  the  conclu* 
(Ion  of  every  word. 

When  all  his  machines  are  in  this  pofition,  his  correfpondent  again  turns  his  pointer  be- 
longing to  the  place  of  hundreds  to  two,  where  it  is  to  remain  till  he  receives  another  word>. 
and  fo  on  till  all  that  is  meant  to  be  faid  is  finiftied.  To  denote  that  his  communication 
IS  finifhed  * — thousands  and  units  are  to  be  vibrated  backwards  and  forwards  with 
the  point  downwards  like  a  pendulum,  till  the' fame  is  done  at  the  oppofite  ftation. 

.If  any  interruption  takes  place  on  either  fide,  from  a  cloud,  a  fliower,  or  any  accident, 

It  is  pointed  out  by  vibrating  thousands  and  units  with  their  points  upwards;  which 

fignal  muft  be  repeated  from  the  oppofite  ftation.     Whoever  has  made  the  fignal  of  intcr- 

*  Iruption,  muft  make  a  fignal  of  recommencement,  when  he  is  ready  to  proceed,  by  vibrating 

HUNDREDS  and  TENS,  with  their  points  upwardj^  when  this  is  anfwered  (but  not  before,) 

•  I  ufe  the  words  Tlionfands  and  Units  here,  and  in  the  reft  of  this  dcfcription,  for  Uic  pointers  or  machines 
diat  (land  in  the  numerical  place  of  thoufands  and  units. 
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•the  bufinefs  may  proceed.     It  (hould  be  obfenred  in  generaJ^  that  every  fignal  (hould  l^ 
-answered. 

It  requires  fome  fteadincfs  to  abide  by  thefc  fignajs;  but  if  they  arc  patiently  adhered  to, 
the  fuccefs  that  they  enfurc  will  foon  convince  the  operator  of  their  utility.  Without  them 
every  thing  would  be  in  confufion ;  by  their  interpofition^  perfpicuity  and  order  arc 
'perfeclly  enfurcd. 
^^^r^my  firfl  experiments  the  impatience  of  friend?  who  were  prefcnt,  was  fonr.erimes  fo 
great  as  to  make  it  very  difficult  to  adhere  to  picvious  arrangements  ;  but  a  very  Jittic 
practice  (I  rmiaii  the  practice  of  five  or  fix  days)  reduced  the  routine  of  communication  to 
as  much  facility  as  could  be  defired,  fo  that  a  word  (or  a  fcatcnce,  if  contained  in  the  vo- 
cabulary) could  be  fent  in  twenty  feconds. 

Any  pcrfon  who  has  the  flighted  tafte  for  fcience  or  literature  mud  be  druck  when  he 
:fees  indantaneous  interpretation  of  fignals  which  axe   made  at  the  didance  of  fifteen  or 
twenty  miles,  and  when  he  perceives  the  power  which  is  obtained  of  tranOnitting  thought 
with  fuch  aftonilhing  rapidity. 

I  (hall  not  enter  into  a  detail  of  the  fignals  which  are  neceflfary  for  intermediate 
ftations ;  it  would  take  up  fome  time  to  explain  them,  and  they  will  rjjulily  occur  from 
^what  has  been  faid  alreadv* 

Whac  I  have  hitherto  dcfcribed  relates  to  a  large  and  permanent  eftabli(hnx;nt  "^ ;  for 

the  management  of  which  one  man  is  required  at  each  pointer,  one  at  the  tclefcopc, 

♦tnd  another  at  the  vocabuIaTy ;  but  for  ordinary  purpofes,  a  fingle  pointer,  with  one  man 

to  work  it,  and  another  at  the  telefcope,  with  a  fmaller  vocabulary,  are  fufficient.     With 

this  reduced  apparatus  we  can  with  eafe  fpeak  at  the  rate  of  one  word  per  minute  to  a 

^eat  didance,  as  the  time  lod  by  intermediate  dations  is  but  fmalt. 

The  vocabulary  correfponding  with  the  numbers  denoted  by  this  machinery,  is  com- 
pofed  of  a  large  book  with  mahogany  covers  framed,  to  prevent  them  from  warping.  Its 
fize  is  forty-feven  inches  by  twenty-one  ;  it  confids  of  forty-nine  double  pages,  that  is  to 
fay,  each  flicet  is  folded  in  the  middle,  where  it  opens  from  one  page. 

The  book  is  divided  into  feven  parts,  confiding  each  of  feven  pages,  by  thin  flips  of  ma- 
hogany, which  ferve  to  open  it  eafily  at  each  of  thefe  divifions.  Every  one  of  thefe  feven 
divifions  contains  feven  pages,  and  each  page  contains  forty-nine  words. 

No  more  than  forty- nine  words  are'contained  in  a  page,  becaufe  the  numbers  of  8  and 
Q,'  and  Zero,  are  omitted.  This  omiflion  arifcs  from  the  drudiure  of  the  machinery, 
which  points  only  to  feven  numbers,  referving  O  for  a  point  of  red,  at  which  point  the 
hands  indicate  nothing.  In  every  hundred,  therefore,  only  forty-nine  numbers  are  ufed  \ 
and  in  every  thoufand  only  feven  hundred  is  coi^nted.  Each  divifion  of  the  book  feparated 
by  the  mahogany  rulers,  contains  all  the  efficient  numbers  in  feven  hundred.  Each  of 
thefe  rulers  projefts  (Plate  xiii.  fig.  3.)  beyond  the  fides  of  the  pages,  and  each  is  num- 
bered in  fucceflion  from  one  to  feven  ;  and  they  are  fo  placed  below  one  another,  as  to 
permit  the  numbers  on  all  fides  of  them  to  be  feen  at  once,  as  in  plate  xiii. 

When  any  number  of  thoufauds  is  pointed  out,  it  can  by  means  of  thefe  rulers  be  im- 

♦  The  houfe  belonging  to  this  cflablifhment  might  be  madt  tenable  againft  a  mob,  or  mufquetry,  at  a  fmall 
f  xpcncc,  by  port  flankers  of  elm  or  alh  adapted  occalionally  to  the  windows.     See  plate  xiii.  ^g,  4. 

mediately 
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mediately  felcfted';  the  feries  of  feven  pagtfs,  which  one  of  thefe  rulers  opens,  is  cut,  Hicc 
the  alphabet  of  a  ledger,  at  the  edge  in  feven  divrfions.     By  thefc  means  the  page  con- 
taining the  hundred  which  is  wanted,  is  initantly  found.     In  the  page  thus  found  the- 
tens,  from  ten  to  fcventy  inclufive,  are  divided  from  each  other  fo  as  to  be  infiaiuly  dif— 
thiguifhable,  and  the  units  under  each  divifion  are  in  like  manner  eafily  fclcfted. 

Plate  III.  is  a  fpecimcnof  the  firft  page  of  the  vocabulary ;  and  though  it  is  but  one- 
fifth  of  the  real  fize,  it  is  fufficiently  diftinft.     It  is  divided   into  eight  clalTcs;   ail   the- 
clafles  are  numbered  downwards  feriatim  from  i  to  77,  omitting  cyphers  or  zero,  and*^ 
eights  and  nines.     When  once  the  clafs  required  is  afcertainedi  any  number  on  the  page, 
can  be   found"  immediately : — As   for  inftance,  the  reader  will  eafily   fclcft   clafs  ir. 
number  36^  or  clafs  vii.  number  77,  \n^  fo  of  the  reft. 

Nothing  remains  to  be  explained  but  the  manner  in  which  the  clafs  in  each  page  is" 
pointed  out  by  the  machinery.  For  this  purpofe,  before  the  pointers  are  turned  to  ainy  fe^ 
of  figures,  the  pointer  that  reprefcnts  thoufands  is  turned  to  the  clafs  that  rs  wanted  ;  as*. 
f6on  as  the  correfpondent  anfwers  this  fignal,  thousands  is  returned  to  O,  and  inftantly 
all  the  pointers  arc  moved  to  the  places  which  denote  the  figures  required  for  any  word:* 
or  fentence. 

When  the  clafs  is  thus  afccrtained,  an  index,  which  fl?dc8  on  the  mahogany  cover  of* 
tlTe  book,  is  (et  to  the  coltimn  belonging  co  this  clafs;  the  nunb;:r  of  thoufands  is  then* 
opened  by  the  ruler,    as  foon  as  it  is  read  off  by  the  telefcope  ;   the  number  of  hundreds* 
is  opened  by  the  pages  when  they  are  cut  away,  and  the  number  of  tens  and  units  is  feen 
on  the- page.     As  the  pointers  are  movedin  fucceflion  from-thoufands  to  unit»,  the  dif- 
ferent divifions  of  the  book  can  be  Opened  as  fa  t  as  the  pointers  arc  moved/     The  order- 
of  this  book  might  be  reverfed  with  apparent  advantage^  by  dividmg  the -book  into  clafles 
by  the  mahogany  rulers,  &c.     But  I  prefer,  fOr  reafotis  which  it  would  be  tedious  to  infift* 
upon,  the  arrangement  which  I  have  followed. 

As  fecrefy  is  an  objeft  of  the  greatell  confequence,  I  fhall  etidearour  topoint  out  in  a* 
few  words  the  fuperiority  of  this  mode  of  communication  over  any  alphabetical  arrange-^ 
ment,  not  only  in  point  of' evpedition,  but  of  concealment/ 

Although  thc<:ommon  alphabet  may  be  varied  at  plcafurc,  ^nn^'  any  arbitrary  figns  may^ 
be  employed  to  convey  the  powers  ef  each  letter^  yet^by  certain  rules,  any  of  thefe  arrange- 
ments may  be  deciphered.  Whoever  fees  the  movements  of  the  French  telegraph  (I  meatt<i 
of  that  which  is  commonly  known  as  fuch)  may  unfold  the  intelligence  whkh  \t  conveys, 
by  merely  marking  down  the  changt^s  which  he  fees,  and  putting  them  inio  the* hands  of* 
a  decipherer.  The  rules'  for  deciphering  depexKl  upon  the  ufual  arrangements  of  letters. 
In  our  language  a  fitigle  letter  mult  be  A- or  f.  The- proportions  which  exi ft  between 
words  of  one,  two,  three,  and  any  greater  number  of  letters,  are  claficd  in  catalogues; 
and  from  thefe  the  monofyllablcs  of  any  cipher  are  eafily  obtained,  and  from  the  ktters- 
*  of  thefe  monofyllables  the  letters  of  longer  words  are  difcovcred.  By  fimilar  rules,  fome 
of  which  are  very  ingenious,  and  which  depend  upon  the  general  philofophyof  language, 
any  alphabetical  cipher  may  be  eafily  trnfoMed*.  But  thefe  rules,  except  a  very  fevi^  of  them,* 
are  uftlefs,  when  we  employ  ciphers -whkh  denote  entire  words.  Here  che molt  obvious 
means  of  difcovery  may  be  avoided,  by  omitting  thofe  common  words  which  occur  fo. 
frequently  in  every  language,  the,  and,  that,  to,  &'c.  But,  fuppofitig  that  from  its'fve- 
e^^pK  rccprrepce  any  particular  word  fiiQ^jtld  be  difcoveredj  no  progrefs  can  be  made  from 
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ihefe  data.  The  cipher  of  each  word  is  an  ifobted  fa^t  which  Ivadc  U>  ootbing  £arthet» 
Suppofc  the  knowledge  of  any  particular  vocabulary  fliould  £all  into  kasd&  for  which  it. 
was  not  intended,  a  flight  change  in  tJie  numeratio&,  without  any  actual  change  of  the 
iigureS)  would  enurely  prevent  difcovery: — Foi;  iaftance,  if  the  Lord  Lieutenant  wiibed 
to  fend  orders  to  the  Commander  in  Chief  \  if  kc  made  uCe  of  the  numbers  written  in  the 
vocabulary  in  one  day,  he  might,  after  previous  communication,  employ  a  difiereut  im* 
meration  by  ordering  that  i  (for  iiiftance)  fiiould  be  added  to  every  Ggure.  If  clafs  ii. 
number  3664,  ftood  in  the  vocabulary  for  gunpowder  by  the  addition  which  I  have  pro* 
pofed,  the  number  would  (land  clafs  iii.  number  4775*  ^hich  might  mean  a  crocodile,  or 
'lippoo  Saib,  or  any  thing  foreign  to  the  real  word.  By  fimilar  pro*ifions  any  nijmber  of 
feparate  corrcfpondents  might  carry  on  a  muiual  ioterccurfc,  without  interfering  with  one 
another. 

In  the  courfe  of  twelve  months  I  tried  a  great  number  of  experiments^  and  carried  on 
a  great  number  of  converfations  with  the  tellographi  of  all  thefe  a  regular  journal  has 
been  kept,  containing  what  was  unfuccefsful,  as  well  as  what  fucceeded.  If  fuch  journals 
were  kept  in  the  profecution  of  philofophical  puifuits>  Uiey  would  pay  for  the  trouble  of 
keeping  them  by  the  accuracy  of  the  experience  which  they  enfurc. 

I  (hall  not  at  prdfent  enter  into  any  detail  of  my  Noflurnal  Tellograph.     Its  velocity 
far  exceeds  what  can  be  done  by  day^  as  in  clear  weather  flatioas  at  fifty  miles  didance. 
may  be  plainly  diftinguiflied. 

When  this  paper  was  firft  prefented  to  the  Academy,  I  had  determined  to  try  an  expe* 
liment  acrcfs  the  Channel  from  Donaghadee  to  Port-Patrick.  I  was  ambitious  of  being 
'  the  firft  perfon  who  fliouId  connefi  the  iflainds  more  clofely,  by  facilitating  their  mutual 
Intercourfe.  Public  bufinefs  prevented  me  from  going  ta  the  fea-Gde  at  the  time  I 
had  intended,  and  from  carrying  on  a  feries  of  converfations  by  day  and  night  be* 
tween  the  two  kingdoms ;  but  Mr.  Lovell  Edgeworth,  my  fon,  had  the  fatisfa£lion  of 
fending  four  meiTnges  acrofs  the  Channel  at  four  o'clock  P.  M.  on  the  24tb  of  Augu(t 
1795,  and  of  receiving  immediate  anfwers  before  a  vaft  concourfe  of  people.  The  ma- 
chines by  which  this  communication  was  made,  were  thirty  feet  higb,^  and  fifteen  feet  at 
the  bafe.  A  child  of  four  years  old  could  turn  them.  Mifty  weather  prevented  them 
from  being  feen;  but  when  the  weather  cleared  up,  a  pointer  of  twelve  feet  high  could 
have  been  plainly  di(tingui(hed  acrofs  the  Channel. 

Though  I  have  beftowed  much  attention  and  labour  upon  this  fubje£l,  I  do  not  pretend* 
to  fay  that  the  means  of  tellographic  communication,  which  I  have  invented,  are  the  beft 
that  can  be  devifed.  Imitations  without  end  may  be  attempted;  pointers  of  various  (hapes 
and  materials  majp  be  employed  ;  real  improvements  will  alfo  probably  be  made;,  and,  per* 
haps,  new  principles  may  be  adopted.  The  varieties  of  art  are  infinite,  and  none  but 
perfons  of  narrow  underftanding,  who  feel  a  want  of  refources  in  their  own  invention, 
are  jealous  of  .competition  and  difpofed  to  monopolize  difcoveries*  The  thing  itfcif  muft 
fooner  or  later  prevail,  for  utility  convinces  and  governs  mankind ;  and  however  inatten- 
tion or  timidity  may  for  a  time  impede  its  progrefs,  1  will  venture  to  predift,  thac  it 
will  at  fome  future  period  be  generally  pradifed  not  only  in  thefe  iHands,  but  that  it  will 
in  time  become  a  means  of  communication  between  the  moft  diilant  parts  of  the  world, 
wherever  arts  and  fcien^es  have  civilized  mankind. 
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Common  Words. 

Words  Icfs  common. 

Technical  Terms,  c.  n.  m. 

Perfons. 

Glftfso. 

•        Clafs  I. 

Oafs  2. 

Clafis. 

I. 

I. 

I. 

I. 

II  A 

II  Abafe 

II  Aback 

II  Abbot 

12  Ab 

12  Abate 

12  Abacus 

12  Ackknd 

13  Ac 

13  Abbey 

13  Abaft 

13  Adon 

14  Ad 

14  Abbefs 

14  Abatis 

14  Achefon 

15  Ae 

15  Abbot 

19  Abdomen 

15  Adams 

16  Af 

16  Abdicate 

16  Abdudor 

16  Adamfon 

^7  Ag 

2. 
21  Ah 

17  Abtd,  Abet 

#1 

17  Abeal 

17  Adaif 

2. 

11  Abide 

2« 

21  Aberration 

2* 

21  Adolphus 

22  Ai 

22  Abjure 

22  Abeyance, 

22  AddingtoQ 

23  Ak 

23  Ablative 

23  Ablution 

23  Ahmuty 

24  Al 

24  Able-bodied 

24  Abortion 

24  Aikin 

25  Am  * 

25  Abolifti 

25  Abreaft 

25  Alcock 

26  Aa 

26  AbomiRation 

26  Abrogation 

26  Aldridge 

27  Ap 

27  Abortive 

27  Abfcefs 

27  Allot 

,        3- 

3- 

3- 

3- 

31  Aq 

31  Above-all 

31  Abfcis 

31  Alley 

31  Ar 

32  Above-board 

32  Abfcenthium 

32  AUeit 

33  Al 

33  Above-mentioned 

33  Abforbcnt 

33  Allen 

34  At 

34  Abridge 

34  Abforption 

34  Alder 

S^  At 

35  Abridgement 

35  Abftergent 

35  Alexander 

36  Au 

36  Abruptly 

36  Acacia 

36  Amyatt 

37  Aw 

37  Abfcntec 

37  Academic 

37  Ambrofe 

4. 

4- 

4- 

4- 

41  Ay 

41  Abfolve 

41  Acantlia 

41  Anderfoft 

42  Ax 

42  Abfolution 

42  Accretion 

42  Andre 

43  Az 

43  Abforb 

43  Acefcent 

43  Andrews 

44  Abandoa 

44  Abftraft 

44  Acetous 

44  Acgel 

45  Abufe 

45   Abftrufe 

4j  Achromatic 

45  Anger 

46  Abhor 

46  Abfurdly 

46  Acids 

46  Anneflr 

47  Annefoale 

47  Abjea 

47  Abyfa 

47  Acidity 

.  $• 

5- 

5- 

^      .  5- 

51  Ability 

51  Academy 

5 1  -Acme 

^l  Antnm 

52  Able 

52  Accelerate 

52  Aconite 

52  Anion 

53  Above 

53  Accent 

S3  Acoudics 

S3  Anftruther 

54  Abound 

54  Accefs 

54  Acrollic 

54  Antonie 

55  About 

55   Acctifary 

55  Adamant 

55  Anthony 

^6  Abundance 

$6  Acceflible 

56  Adder 

56  Alfred 

57   Abroad 

57  Acclamation 

57  Adder's-tongue 

57  Alphonfus 

<5. 

6. 

6. 

6. 

61   Abrupt 

61  Accommodate 

61  Addu6br 

61  Amadeut 

62   Abfrnt 

62  Accomplice 

62  Adelphi 

62  Anne 

63  Ab  fence 

63  Accoft 

63  Ades 

63  Anfolffi 

64  Abfolute 

64  Accountant 

64  Adit 

64  Appleby 

65  Abllain 

66  Abfurd 

65  Account-book 

6$  Adjutant 

6  s  Apfley 

66  Accretion 

66  Adnata 

66  Archer 

67  Abilain 

67  Ajccrue 

67  Adonis* 

67  Auilin 

7- 

7- 

7- 

7- 

71   Abufe 

71  Accumulate 

71  Adofculation 

71  Archdale 

72  Accede 

72  Accufative 

72  AdraciBch 

72  Arran,  Ld« 

73  Acctpt 

73  Ace 

73  Adrift 

73  Archdall 

74  Accqptable 

74  'Acbieve 

74  Advancc'vfafle 

74  Affie 

75  Accident 

7S  AxTquifitioa 

75  Adviancevgiutrd 

t   75  Atkinfon 

76  Accompany 

76.  Acquittance 

76  Advancement 

76  Aylwafd 

k 

77  Accompli (h 

77  Acre 

77  Advertifement 

77  Ayre 
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Officers. 


Places. 


Xavy  andMcrcha«nt  Ships.! 


I. 


I 

11  Academy  of  Infcrlptionrj 

1 2  Academ  J  of  B.  L.  Park 

13  Academy 

14  Acci.unt  OScc 

1  9  Admiralty 

16  Agent  to  the  — 
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Attend  to-day  at  A.  NL 
at  P.  M. 


to-rocMrow  at  A.  M* 
at  P.  \!. 


to-night  at  — 
to-morrow  nigu*  at  — 
on  Monday  at  A»M» 


2. 


at  P.M. 


on  TucldaT  at  A.  M«^ 
at  V.  M. 


on  WednefiJ^'at  A.  M. 
at  P.  M. 


on  Thurfdav  at  A.  M. 
at  P.  M. 


on  Friday  at  A .  hL. 

at  P.M. 

on  Saturday  at  A.  M^ 
._  at  P.M. 


Alarming  Intelligence  is 

ceived  from  — 
Acquaint  the  Commiffiuner's. 

Officers  at  — 


4- 


4 1  —  principal  Magiflratesat  -i»- 

42  — the  High  Sheriff  at  — 

43  —  the  Secreury  of  War 
44 of  Sjatc 

4>   Agreeable  to  the  Orders  of  hir. 

Majefty 
47  -—  ot  the  Lord  Xaieutenant. 


5  I—  of  Government 

52  —  of  the  Commanding  Officefi 

at  — 

53  — of  the  Magiftr  te  of  — 
>4  Agreeable  to  your  Orders 
5  ^  Ail  is  well 

56  Alter  yourTelegraphs  to  Blatk, 

57  ■  U>  VVhite 

6. 
61   Admit  no  S  rangers 
62-  Admiralty  his  ifTucd  Orders- 

63  -•—  has  received  Intelligence 

64  Arms  been  found  hidden  at  ^-» 

65  Army  approache&in  Number 

66  An  armed  Mob  at  — 

67  Art.  of  Capitulation  agreed  to 

.  7- 

71  AfBflance  is  required  at  — 

72  Appearances  are  againft-*^ 

73  Aniwer  my  laft  to-morrow 

74  Arrived  fincc  my  laft  at  — 

7  >   Arrived  Newsirom  E.  Indies 
Jb  Arrived  Mails  from  — 
77  Agreeable  IntcUigeace  is  iC' 
ceived 
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SUPPLEMENT. 


INCE  the  Royal  Irifli  Academy  did  mc  the  honour  to  accept  of  my  eflay  on  the  Tele- 
graph, I  have  made  material  improvements  in  its  conilru£lion^  which  I  think  it  my  duty  to 
communicate. 

In  September  1 796,  the  Lord  Lieutenant  ordered  me  to  prepare  Telegraphs  for  an  expe- 
riment before  his  Excellency.  In  confequence  I  conftrufted  four  new  Telegraphs. — I  had 
found  that  the  large  machines  thirty  feet  high,  with  which  my  fons  talked,  in  September 
1 794,  acrofs  the  channel  between  Ireland  and  Scotland,  were  liable  to  accidents  in  ftormy 
weather:  my  firft  confideration  therefore  was  to  contrive  fome  means  of  furling  their 
canvas  when  they  were  not  in  in  ufe  ;  and,  from  the  rigging  of  fhips,  it  was  obvious  that 
cordage  was  for  this  purpofe  preferable  to  inflexible  braces  of  wood-  I  therefore  adopted 
the  following  conftruAion : 

A.  (fig.  4.  Plate  XIV.)  a  hollow  axle-tree  made  in  feparate  pieces  hooped  together  in 
the  form  of  a  double  truncated  cone,  on  the  middle  of  which  is  faftened  a  wheel  of  wood 
(b,  fig.  4)  with  eight  notches  cut  out  (a,  fig.  4)  to  receive  eight  ribs  (r.  r.  r.  r.  r.  r.  r.  r 
fig.  I  and  2.)  Thefe  ribs  turning  on  a  (Irong  iron  ring,  iliut  up  like  the  ribs  of  an  um- 
brella, and  are  raifed  and  adjuRed  by  cords  pafling  through  eight  holes  in  the  flanches  or^ 
flioulders  (F  fig.  i.  4.)  Thefe  flanches  and  thofe  at  (f.  fig.  2  and  4)  ferve  to  keep  the 
machine  in  its  place  upon  the  (lands  which  fupport  it  (fig.  2};  the  cords  are  ftrained  and 
faftened  like  the  cords  of  a  tent  (c.  c.  &c.  fig.  2.) 

Where  permanent  buildings  are  not  required,  fupports  for  thefe  machines  may  be  con- 
ftrufled  in  the  following  manner.  Two  ftands,  each  of  .them  made  of  two  pieces  of  wood 
Cmply  bolted  together,  as  (fig.  3)9  muft  be  erc£led,  and  held  fteady  by  means  of  cords  (c.  c.) 
faftened  to  common  tent  pegs,  as  in  (fig.  2  P.  P.  P.)  When  the  machines  are  large,  fmall 
piles  fhould  be  ufed  inftead  of  pegs,  and  running  tackle  (t.)  fliould  be  ufed  both  for  the 
cords  of  the  pointers,  and  the  ftands.  A  number  of  minute  circumftances  (hould  be 
:Utended  to  in  the  conftru£lion  and  ufe  of  thefe  machines  *,  but  I  do  not  think  it  proper  to 
detail  them  to  this  Academy ;  they  ftiould  appear  in  a  diflTerent  place  *^ 

Befides  rendering  the  Telegraph  fafe  againft  ftorms,  and  more  eafily  manageable,  I  found 
by  experience  that  one  machine  could  be  made  to  perform  the  fame  tStfX.  as  four,  with  but 
little  lofs  of  time  ;  what  took  up  four  minutes  with  four  pointers,  can  be  conveyed  in  five 
minutes  by  one.  I  have  alfo  found  that,  by  anfwering  each  fignal  or  number  ihown  at 
every  ftatlon,  all  pofljbility  of  miftake  is  avoided. 

I  believe  that,  iti  other  cftablifhments  of  this  fort,  it  has  been  found  that  thick  and  foggy 
weather  has  occafioned  more  interruptions  than  were  expefted.    With  my  Telegraphsi  I  * 

*  Formerly,  in  France,  every  engineer  who  conducted  any  public  work,  was  obliged  to  lodge  in  apublic  office 
exa6t  drawings,  with  minute  defcriptions,  of  every  part  of  and  procefs  of  his  operations.  Numberlefs  fmail  im- 
provements  in  workmanOiip  and  tools  were  preferved  by  thefe  means,  and  by  degrees  were  collected  xntm 
publications  of  general  circulation. 

I  was  required  to  deliver  drawings  of  all  the  machinery  I  employed  in  the  work  carriedon  at  Lyons  in  17729 
for  turning  the  courfe  of  the  Rhone : 

But,  in  the  tranfadiou  of  a  literary  Society,  fuch  details  would  be  tedioui  and  improper* 

U  tt  a  have 


hare  good  reafon  to  aflert,  that  there  do  not  commonly  occur  abore  eight  or  ten  dafi  in 
the  jear  when  intelligence  might  not  be  conveyed  by  tand.^ 

If  eight  men  were  pofted  at  each  permanent  ftation^  at  the  diftance  of  eighteen  or 
twenty  Englifh  miles  afunder,  with  machines  of  twenty-five  feet  high,  in  hazy  weather  they 
might  detach  two  men  with  portable  Telegraphs,  to  the  diftance  of  about  fix  miles  from 
each  ftation,  who,  with  eight  foot  Telegraphs,  could  keep  up  a  regular  communicatioii. 

The  portable  Telegraph  refemblcs  that  which  I  hare  defcribed  ;  it  differs  only  in  two 
circumftances  :  for  conrenience,  as  it  is  (mall,  and  does  not  oppofe  much  furface  to  the 
wind,  it  may  be  diftended  with  ribs  of  wood  inftead  of  cords. 

The  portable  Telegraph  which  my  fon  had  the  honour  of  (howing  to  his  Royal  Highnefs 
Ae  Duke  of  Torl^in  Eenfington  gardens,  in  Odober  laft,  was  fumilbed  with  filken  cords, 
on  purpofe  to  (hew  how  my  larger  Telegraphs  were  conftruAed  \  but  it  was  intended 
merely  for  reconnmtring  near  an  array,  and  was  only  fix  feet  high. 

In  the  effay  which  the  Academy  has  ahready  received,  I  faid  that  imitations  without  end 
might  be  made  of  my  Telegraph*  Every  index  or  pointer  that  moves  circularly,  dividing 
tp  imaginary  circle  into  parts,  and  denoting  figures  or  figns  that  correfpond  with  a  voca- 
bulary, is  founded  on  the  fame  principle  as  ftiine.  llie  French  have  laid  afide  their  former 
chimfy  apparatus,  and  have  con(lru£led  a  Telegraph  on  thefe  principles ;  and  the  Admi- 
nlty  in  England  have,  as  I  am  informed,  very  lately  done  the  (ame. 

The  firft  pointers  I  employed  in  1 767  were  windmill  fails.    I  then  tried  indexes  of  die 
ft  ape  (fig.  5.}     Yig.  8.  A  pointer,  like  a  fword-cutter's  fign,  was  recommended  to  me  by 
a  member  of  the  Academy,  as  a  fecond  or  additional  hand  to  morve  on  the  fame  centre^ 
as  the  principal  h^^nd.     But  a  triangle,  whofe  bafe  is  equal  to  half  its  fide^  is^  of  all  the 
figures  I  have  tried,  the  moft  diftinft. 

The  Night  Telegraph  remams  ftill  to  be  defcribed  ;  its  ufes  are  perhaps  more  extenfive 
than  thofe  of  the  Telegraphs  I  have  already  publi(hed  \  and  I  propofc  to  make  it  the  fubjeft 
of  another  paper  upon  a  future  occafion. 

The  art  of  conveying  fwift  and  fecrct  intelligence  is  not  one  of  thofe  inventions  which 
attra£ls  attention  only  by  its  novelty ;  on  the  contrary,  I  am  convinced  that  it  will  be 
thought  more  valuable,  the  longer  it  has  been  fubmitted  to  the  teft  of  time  and  experience. 
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SCIENTIFIC  NEWS,  AND  ACCOUNT  OF  BOOKS. 

Copenhagen,  July  12,  1798. 


H  E  Royal  Society  has  propofed  the  following  Prize  Queftions.    The  Prize  for  each 
IS  a  Gold  Medal,  value  one  hundred  rixdollars  (22I.  los.) 

I.  Hijfory.  What  nations  difcovered  America  before  the  Norwegians,  and  performed 
voyages  by  fea  to  this  part  of  the  plobe  ?  How  far  did  the  Norwegians  extend  their  difco- 
verics  in  America,  particularly  to  the  fouthward  ?  What  conclufions  may  be  deduced  on 
thefe  points,  either  from  deciGve  reafons  or  fimple  conjeftures,  from  the  writings  and 
monuments  which  ftill  fubfift,  fuch  as  forts,  buildings,  languages  and  traditions  ? 

II.  Mathematics.  To  find  the  fun£tion  of  all  the  quantities,  which  ferve  conjointly  to 
^termine  the  magnitude  of  the  calorific  efieft  of  every  combuftiblc  matierial  in  common 
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life ;  fucb  as  wood^  tuvf^  and  pitcoaU  whatever  may  be  their  peculiar  chara^ers  in  othec 
refpefls.    The  required  equation  muft  be  determined  for  at  lead  four  different  cafes : 

Cafe  !•  Where  the  wood^  turf^  or  coal  is  burned  in  a  furnaco  to  heat  a  certain  volumo  of 
air,  as  for  example,  that  of  a  chamber. 

Cafe  2.  Where  the  heat  is  employjsd  in  producing  the  ftate  of  ebullition,  in  a  fluid  prQ% 
per  to  boil  certain  fubftances  plunged  in  it. 

Cafe  3«  Where  the  heat  is  employed  to  harden  foft  matters,  fuch  as  clay  for  tiles. 

Cafe  4.  And  where  certain  hard  or  confidant  matters,  fuch  as  metals,  are  required  ta 
be  liquified  by  heat  in  a  furnace  or  forge.  Each  of  thefe  equations  grounded  on  various 
experiments  muft  be  found  and  eftablifhed  analytically,  fo  that  it  may  be  poflible  to  detor* 
mine  with  precifion  the  ratio  of  the  calorific  effe£t,  and  confequently  the  degree  of  utility^, 
in  economical  applications  of  every  kind  of  wood,  turf,  or  pitcoal. 

III.  Natural  Philofophy. — ^To  find  by  experiment  the  greateft  degree  of  heat  wluch  water 
in  the  ftate  of  vapour  can  communicate  to  other  bodies ;  and  to  anfwer  the  queftion,  whether 
that  part  of  the  water  in  Papin*s  digefter,  which  is  not  converted  into  fteam,  can  acquire 
a  more  elevated  temperature  than  2i2<>  of  Fahrenheit. 

IV.  Philofophy^-^VJhzt  arc  the  moft  remarkable  degrees,  through  which  pra£lical  philofo^ 
phy  has  pafled  from  the  time  in  which  it  was  firft  treated  fyftematically  to  th^  prcfent  timc« 

The  memoirs  in  anfwer  to  thefe  queftions  are  required  to  be  written  in  Latin,  Danifli». 
or  German,  and  fent  before  the  end  of  June  17991  to  the  Secretary  of  the  Society^ 
Frofeflbt  Abilgaard« 


Berlin, 
The  Phyfical  Society  at  Berlin  has  announced  the  following  Queftion^  for  a  Prize  t>f  29 

Holland  Ducats.  (9I.  5s.) 
ADMITTING  that  Ekaricity  is  a  neccflary  Agent  for  the  fbrmation  of  Hail,  are  there 
any  grounds  for  concluding,  that  the  Ele^ical  Cloud  can  be  rendered  incapable  of  gene* 
rating  Hail,  as  Lightning  is  prevented  by  Conduftors  ?  What  are  the  means  to  be  adopted 
for  this  purpofe,  and  the  fa^s  or  obfervations  in  general  upon  the  fubje£t  which  defervc 
notice  ? 

Proceedings  of  the  Aflbciation  for  promoting  the   Difcovery  in  the  interior  Parts  of  v 

Africa,  &c. 
Ab{lra£^  of  Mr.  Park's  Travels.     [Continued  from  page  283.] 

INFORMATION  of  a  confiderable  river  flowing  through  the  centre.of  Africa,  be* 
tween  the  latitude  of  15^  and  20°  north,  had  been  received  at  very  early  periods  from  differ-, 
ent  quarters,  which  at  different  times  was  fuppofedto  be  part  of  the  Senegal  and  of -the. 
Gambia.     Further  enquiries,  however^  though  they  confirm  the  ancient  accounts,  fhewed^ 
that  this  river  was  not  only  of  greater  magnitude  than  either  the  Senegal  or  Gambia,  but 
flowed  in  a  contrary  direction,  running  not  to  the  weftward  into  the  Atlantic,  but  from 
weft  to  eaft,  to  regions  unknown.    The  Moors  defcribed  it  by  the  name  of  Nil  il  Abeed,  or 
the  River  of  Slaves :  the  Negroes  befkowed  upon  it  the  appellation  of  JoUba,  or  the  Great 
Waters.    Somedungi  however^  of  doubt  ftill  remained^  particularly  with  regard  to  it^ 
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eaflcrn  direflion,  which  was  not  received  by  geographers  without  difficulty  and  hefitatiofu 
Mr.  Park's  teftimony  is  decifive,  not  only  that  the  two  names  denote  the  fame  ftream,  but 
tHb  that  it  flows  from  weft  to  eaft,  which  he  afcertained  by  a  perilous  aml>ulation  of  fome 
hundred  miles  along  its  bank.  All  queftion  refpedling  the  fource,  the  exiftence,  and  the 
dire£lion  of  this  great  river  is  therefore  obviatedt  but  its  termination  ftill  remains  unknown. 

The  city  of  Sego,  at  which  Mr.  Park  now  arrired,  confifts  of  four  divifions  or  quarters,* 
two  on  each  fide  of  the  water.  The  houfes  arc  built  of  clay  with  flat  roofs  :  fome  of  them 
have  two  ftories,  and  many  are  white-waflicd.  Moorifli  Mofques  are  fecn  in  every  quarter, 
Thefe  objefts,  with  the  numerous  boats  on  thetiver,  a  crowded  population,  and  the  culti- 
vated ftate  of  the  furrounding  country,  formed  altogether  a  profped^  of  civilization  and 
magnificence,  which  our  traveller  little  expeScd  to  find  in. the  bofom  of  Africa.  From 
the  beft  enquiries  he  could  mak«,  he  had  reafon  to  believe  that  Sego  contained  thirty 
thoufand  inhabitants. 

The  boats  on  the  Niger  are  of  a  fingular  conftru£lion,  each  being  formed  of  the  trunk* 
of  two  large  trees,  hollowed  out  and  joined  together  endways,  the  jundlion  being  exa£Uy 
acrofs  the  middle  of  the  boat. .  They  are,  therefore,  very  long  and  narrow,  and  have 
oeither  decks  nor  mafts.  Mr.  Park  proceeded  to  the  ferry,  in  order  to  crofs  to  the  King's 
rcfidence,  which  was  on  the  other  fide  \  but  before  he  qould  obtain  a  pafTage,  the  King  had. 
fent  to  enquire  concerning  the  objcdl  of  his  journey.  Mr.  Park  gave  the  beft  anfwer  he  could,' 
idding,  that  he  had  been  robbed  of  all  he  poflefled,  and  implored  the  King's  bounty  and 
protection.  The  meflenger  told  him  to  go  to  a  diftant  village,  which  he  pointed  out,  and 
wait  for  the  King's  further  orders.  He  found  the  inhabitants  either  afraid  or  unwilling  to 
give  him  lodging  or  entertainment,  and  having  turned^  his  horfe  loofe,  he  fought  ftielter 
from  a  ftorm  of  thunder  and  rain  under  a  tree.  At  length  as  night  approached,  thatkind- 
fiefs  and  humanity  inherent  in  the  female  fex,  to  which  he  had  often  been  indebted  on 
former  occafions,  came  to  his  relief  on  the  prcfent.  A  poor  Negro  woman  returning  from 
the  labours  of  the  field,  obferved  that  he  was  wet,  weary,  and  dejected ;  and  taking  up  his 
faddle  and  bridle  told  him  to  follow  her.  She  led  him  to  her  cottage,  lighted  up  a  lamp, 
procured  him  an^excellent  fupper  of  fiflij  and  plenty  of  corn  for  his  horfe ;  after  which,  flic 
fpread  a  mat  upon  tlie  floor,  and  faid  he  might  remain  there  for  the  night.  For  this  well- 
timed  bounty  our  traveller  prefenicd  her  with  two  of  the  four  brafs  buttons  which  remain- 
ed on  his  waiftcoat. 

Mr.  Park  adds  other  particulars  concerning  his  benefaflrefs,  which  heighten  the  pidurc. 
He  relates,  that  the  ^ood  woman  having  performed  the  rites  of  hofpitality  towards  himfelf, 
called  in  the  female  part  of  the  family,  and  made  ihem  fpin  cotton  for  a  greatpart  of  thenight. 
They  listened  their  labours  by  fongsrone  of  which  muft  have  been  compofed  extempore, 
for  our  traveller  was  himfelf  the  fubjed  of  it ;  and  the  air  was,  in  his  opinion,  the  fweeteft 
atid  moft  plaintive  he  ever  heard.  The  words,  as  may  be  expeaed,were  fimple  j  and  may 
be  literally  tranflated  as  follows-:  "  The  winds  roared,  and  the  rain  fell.  The  poor  white 
•*  man  faint  and  weary,  came  and  fat  under  our  tree.  He  has  no  mother  to  bring  him  milk  \ 
"no  wife  to  grind  his  corn."— Chorus — *•  Let  us  pity  the  white  man,  no  mother  has  he, 
•<  &c.  &c."  Simple  as  thefe  words  are,  they  are  natural  and  afiidling;  and  contain  a  cu- 
rious allufion  to  the  ftate  of  manners  in  favage  life,  in  which  the  women  perform  all  the  do- 
Aicfik  duties. 

He 
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He  continued  all  the  next  day  in  the  village  without  receiving  any  orders  from  the  king, 
and  found  himfelf  the  objcft  of  univerfal  obfervation  and  enquiry.  He  foon  heard  enough 
to  convince  him  that  the  fufpicions  of  the  Moors  and  flave-traders  reGding  in  Sego  were 
Ttry  inimical  to  him;  and  that  many  confultations  had  been  held  with  the  king  concerning 
Ms  reception  and  difpofal.  On  the  third  day  however  the  meflenger  arrived  with  a  prcfcnt 
ol  five  thoufand  kowries,  to  enable  him  to  purchafe  provifions  in  his  journey  from  Sego^ 
from  the  vicinage  of  which  he  was  commanded  to  depart  immediately.  From  various  cir- 
cumftances,it  fcemed  probable  that  the  king  would  have  admitted  Mr.  Park  into  his  prefence, 
if  he  could  have  proteflcd  him  againft  the  malice  and  fanaticifm  of  the  Moors,  and  if  the 
ftory  of  Mr.  Park  had  been  more  comprehenfible  by  men,  who  could  not  conceive  how  tho 
defire  of  extending  knowledge  could  have  induced  him  to  travel  through  fuch  an  extent  of 
country,  without  other  views  of  a  more  objectionable  nature.  From  other  enquiries  it 
was  alfo  rendered  certain,  that  our  traveller  would  have  expofed  himfelf  to  certain  deltruc* 
tion  from  the  Moors,  if  he  had  ventured  to  proceed  much  farther  to  the  weftward  without 
the  protection  of  fome  leading  man  among  them,  which  he  had  -no  means  of  procuring. 
Notwithftanding  thefe  difcoucaging  circum fiances,  he  determined  to  endeavour  to  pene- 
trate further  along  the  banks  of  the  Niger.  The  firft  town  of  note  at  which  he  arrived 
after  leaving  Sego,  was  called  Kabba.  This  town  is  fituated  in  the  midft  of  a  beautiful 
and  highly  cultivated  country,  bearing  a  greater  refemblancc  to  the  centre  of  England  than 
Mr.  Park  could  have  fuppofed  to  have  been  in  the  middle  of  Africa,  aod  the  feafon  was  that 
©f  the  fhea  harveft,  or  gathering  in  the  fruit  which  produces  the  fhea-toulou  or  -tree-butterj 
the  great  abundance  of  which  in  this  q.u^rter  was  aitonilhing.  The  growth  and  preparation 
of  this  commodity  feem  to  be  among  tiic  firft  objefts  of  African  induftry,  in  this  and  the 
neighbouring  ftates,  and  it  conftitutes  a  main  article  of  their  inland  commerce.  From 
Kabba,  Mr.  Park  and  his  guide  proceeded  to  Sanfanding,  where  notwithftanding  his  endea- 
vours to  avoid  the  notice  of  the  Moors,  he  underwent  their  infults  for  a  confiderable  time. 

Leaving  this  place  early  in  the  morning,  he  proceeded  to  a  town  called  Nyara,  and  thence 
W  Modiboo,  a  delightful  place  on  the  banks  of  the  river,  which  is  here  vtry  broad  and  en-* 
Kvened  with  many  fmall  and  verdant  iflands,  all.  of  them  flocked  with  catile,  and  crowded 
with  villages.  Here  he  was  again  compelled  to  fet  off  abruptly  for  fear  of  the  Moors.  Tue 
limit  of  his  expedition  to  the  weftward  was  Silla,  a  large  town  on  the  fouthern  lide  of  the 
Niger,-in  i®  24'  Weft  of  Greenwich,  and  latitude  14°  48^  North,  where,  from  the  aggregate, 
of  unfavourable  circumftances,  it  became  abfolutely  neceffary  for  him  to  return. 

The  town  of  Silla,  whence  Mr.  Park  began  his  journey  homeward,  is  within  two  fliortdays 
journey  of  Jcnnc,  which. is  fituated  on  an  ifland  in  the  river.  At  the  diitance  of  two  days 
more,  the  river  empties  iffelf  into  a  confidcrable  lake  called  Dibbie,  (or  the  dark  lake)  con- 
cerning the  extent  of  which,  all  the  information  whith  could.be  obtained  was,  tnat,  in  croit 
ing  it  from  weft  to  eaft,  the  canoes  lofc  fight  of  land  one  whole  day.  From  this  lake  the 
Wftter  iflTues  in  many  difFt  rent  ftrcam5,  which  terminate  in  two  large  branc  cs,  one  whereof 
flows  towards  the  nortH-eaft,  the  other  to  the  eaft ;  but  they  join  again  at  Kabr*',  one  day'* 
journey  to  the  fouthward  of  Tombudoo,  and  the  port,  or  ftiipping  place,  of  that  city.  The 
tra6l  of  land  which  the  two  ftreams  encircle,  is  called  Jinbala,  and  is  inhabited  by  negroes  \ 
and  the  whole  diftance  by  land  from  Jenne  to  Tombuftoo,  is  twelve  days  journey. 

I'rom  Kabra,  at  the  diftance  of  eleven  days  journey  down  the  ftream,  the  river  pafles  to 
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the  fouthward  of  Houfla,  which  is  two  days  journey  diftant  from  the  river  ;  and  fo  far  our 
information  feems  to  be  authentic.  Of  the  further  progrefs  of  this  great  river  and  its  final 
exit— whether  it  be  the  fame  which  pafTes  by  Kaflina  * — whetlicr  (as  ancient  charts  feem 
to  indicate)  itfpreads  into  one  or  more  inland  lake:»  \  or,  at  an  immenfe  didance,  intermixes 
with  the  waters  of  the  Egyptian  Nile— thefe  are  qucftions  which  future  diicovery  can  alcno 
refolve.  On  each  of  thefe  points  enquiry  of  the  natives  was  not  negiedied,  but  fatis£&Aory 
and  certain  information  coulc^not  be  obtained* 

Such  is  the  intelligence  that  was  collefted  by  Mr.  Park  concerning  the  courfe  of  the  Niger 
from  its  leaving  Sego,  where  he  firft  difcovei^d  it.  Of  the  chief  towns  of  Jennc,  T'  .i^ouc- 
too,  and  Houfla,  fituated  on  its  banks,  the  laft  was  faid  to  be  the  mod  confiderable,  and  the 
•leaft  of  them  of  far  greater  magnitude  than  Sego*  But  there  is  a  place  between  Jennc 
and  TombuAoo  deferving  notice,  as  containing  a  very  confiderable  pottery :  it  is  called 
Downie ;  and  the  earthen  ware,  which  Mr.  Park  frequently  met  with,  appeared  to  be  of  ex. 
traordinary  good  confiftency,-  but  not  glazed.  He  was  told  that  caravans  frequently  arrive 
both  at  Tombu&oo  and  Houfla,  from  the  countries  on  the  Mediterranean)  travelling  acrofs 
the  Defert,  by  the  way  of  Fezzan,  with  European  goods  and  other  merchandize,  by  one  of 
-thefe  the  news  was  conveyed  to  the  centre  of  Africa  of  the  capture,  by  the  French,  of  the 
Mediterranean  convoy,  in  October  1795.  ^''*  ^^^^  received  this  information  from  a  Moor 
who  had  come  from  Fezzan. 

On  his  return  back,  Mr.  Park  learned  that  the  fovereign  of  the  country  had  given  Qrders 
to  feize  him,  for  which  reafon  he  avoided  the  town  of  Sego.  His  courfe,  in  afcending  the  river, 
was  to  the  fouth-weft  5  and  his  fubfiftence,  in  travelling  through  the  territories  of  the  benevo-' 
4cnt  Negroes,  was  in  a  great  meafure  aflForded  him  by  the  Dooty,  or  chief  man  of  the  towns 
through  which  he  pafled,  it  being,  highly  to  the  credit  of  the  African  police,  part  of  the 
duty  of  this  officer  to  provide  food  for  the  neceflitous  traveller.  On  many  occafions  he 
offered  to  pay  for  what  he  received  out  of  the  kowries,  which  had  been  prefented  him  by  the 
king,  and  his  offer  was  fometimes  accepted  and  fometimes  refufed.  On  other  occafions 
he  rewarded  his  hoft  in  a  manner  which,  from  its  fingularity,  deferves  to  be  noticed* 
Among  the  various  impoflures  pradtifed  by  the  Moors  towards  the  poor  Negroes,  they 
frequently  fell  them  fcraps  of  paper  with  an  Arabic  infcription  (commonly  a  paflage  from 
the  Koran)  which  are  cMtdfaphus  or  charms.  With  one  of  thefe  about  his  perfon,  the 
fond  pofieflbr  conceives  himfelf  invulnerable :  neither  the  lurking  ferpent  nor  the  prowling 
tiger  is  any  longer  the  objed  pf  his  dread. 

In  the  circumftances  to  which  Mr.  Park  was  reduced,  he  had  the  good  fortune  to  difcover 
that  the  negro  natives  afcribed  to  him  the  power  of  granting  faphies  of  more  than  Arabic 
virtue.  **  If  a  Moor's  faphie  is  good  (fays  the  Dooty  of  Sanfanding),  a  white  man^s  muft 
needs  be  better  5"  and  Park,  at  his  requeft,  gave  him  one  pofleffcd  of  all  the  virtues  he 
could  concentrate,  for  it  contained  the  Lord^s  Prayer.  The  pen  with  which  it  was 
written,  was  made  of  reed  j  a  little  charcoal  and  gum-water  made  very  tolerable  ink,  and 
a  thin  board  anfwered  the  purpofe  of  paper.  In  his  journey  weftward,  this  merchandize 
turned  to  extraordinary  good  account  j.  and  it  is  furcly  ncedlefs  (fays  Mr.  Edwards)  for 
Mr^  Park  to  frame  any  apology  for  having  availed  himfelf  of  fuch  a  refource  in  his  fituation. 

•  Erroncoufly  fpclt  in  the  former  memoirs,  Calbna. 

\To  be  continued. "] 
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ARTICLE   I. 

jIn  Account  of  three  different  Kinds  of  Timber-Treesj  'which  are  likely  to  prove  a  great  Ac* 
quifttlon  to  this  Kingdom ^  both  in  point  of  Profit  and  as  Trees  for  Ornament  and  Shade* 

By  Charles  Whjte^  Efq.  F.R.S.* 
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N  making  a  colle£lion  of  fuch  hardy  trees  and  (hrubs  as.  would  grow  and  even  flourifh 
in  the  open  air,  at  Sale,  in  the  county  of  Chefter,  I  foon  obferved  that  there  were  three 
foreft  trees,  of  different  genera,  which  grew  much  fafter  than  the  others  in  the  fame  foil 
and  (ituation,  viz.  the  Black  American  Birch  with  broad  leaves^  the  Athenian  Poplar^  and 
the  Iron  Oak  with  prickly  cups. 

The  Broad  leaved  American  Black  Birch ^  Betula  nigra  Linn.  Spec.  Plant.  1394,  is  de- 
fcribed  by  Mr.  Aiton  in  his  Hortus  Kevvenfis :  B.  follls  rhombeo-ovatisj  dupllcato-ferratisf 
aci/tlsy  fubtus  pubefcentlbuSf  haft  integris ;  flrobilorum  fquamis  vlllo/is ;  laclnlis  linearibusp 
aquallbus.  It  is  a  native  of  Virginia  and  Canada,  and  was  (irft  introduced  into  England 
(where  it  grows  in  the  greateft  luxuriancy,  and  perfcfts  its  feeds)  by  Peter  CoUinfoft^  Efq« 
in  the  year  1736.  There  is  no  doubt,  therefore,  that  it  will  foon  become  very  plcntiful- 
and  cheap.  It  is  very  defirable  in  pleafure- grounds,  as  it  isithe  firft  foreft  tree  in  the, 
fpring  which  prefents  us  with  its  leaves ;  thefe  are  of  a  light  and  lively  green.  Its  bark^ 
which  is  white,  makes  at  all  times  a  beautiful  variety  when  intermixed  with  other  trees. 
It  is  faid  to  be  the  mod  ufeful  timber  tree  in  North  America  for  building  both  of  houfes 
and  boats,  and  will  grow  fail  in  any  foil  or  fituation,  whether  wet  or  dry. 

f  ManchdUr  Memoirs,  vdL  v  part  u 
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Miller,  fpeaking  of  trees  of  this  dcfcription,  fays  "  that  they  may  be  propagated  by 
feeds,  in  the  fame  rranner  as  the  common  birch-tree,  and  arc  equally  hardy*  Some  of  the 
trees  now  begin  to  produce  their  catkins  in  England^  fo  that  we  may  hope  to  have  plenty 
of  their  feeds  of  our  own  growth,  for  at  prefeat  wc  are  fupplied  wiih  them  from  America, 
As  thefe  grow  more  vigoroufly  thaa  the  cMamon  fort,  and  thrive  oa  the  mdft  barren 
ground,  they  may  be  cultivated  to  great  advantage  in  England ;  for  their  wood  it  much 
cfteemcd  in  Canada,  where  the  trees  grow  to  a  large  fizc  :  and  they  are  by  no  means  an 
unfightly  tree  in  parks  ;  for  their  flems  arc  ftraight,  the  bark  fmooth,  and  their  leaves  are 
much  larger  than  thofe  of  the  common  birch  \  fo  may  be  planted  in  fuch  places  where  few 
other  trees  will  thrive/' 

Mr.  Hanburyfays  :  "  The  black  Virginian  birch,  being  of  foreign  growth,  is  propagated 
^  for  wildernefs  and  ornamental  plantations  j  but  as  it  begins  ndw  to  become  pretty  com- 
mon, it  is  to  be  hoped  it  will  foon  make  a  figure  among  our  foreft  trees,  it  being  equally 
hardy  with  our  common  birch,  and  will  arrive  at  a  much  greater  magnitude.  This  fpecies 
will  grow  to  be  upwards  of  (ixty  feet  in  height.  The  branches  are  fpotted,  and  more 
fparingly  fct  on  the  trees  than  the  common  forts.  The  leaves  are  broader,  grow  on  long 
footftalks,  and  add  a  dignity  to  the  appearance  of  the  tree  5  and  aa  it  is  naturally  of  up- 
right and  fwift  growth,  'and  arrives  at  fo  great  a  magnitude  in  few  years,  prudence  will 
dircfl  us  to  let  it  have  a  (hare  among  our  foreft  trees,  to  plant  them  for  ftandards  in  open 
places,  as  well  as  to  let  them  join  with  other  trees  of  their  own  growth,  in  plantations 
more  immediately  defigned  for  relaxation  and  pleafare."  I  planted  one  of  thefe  trees- 
nineteen  years  ago,  and  it  is  now  forty-five  feet  fix  inches  in  height,  and  three  feet  feven 
inches  in  the  girth. 

The  Athenian  Pcplar  Tree,  Populus  {Grace)  follts  cordatis^  glabrity  hafi  glanduhfts^  remote 
crenatis  ;  petiolis  comprejfts ;  ratnis  teretibus.  The  Athenian  poplar  is  a  native  of  the  iflands 
of  the  Archipelago,  and  was  firft  cultivated  in  England  by  Hugh  duke  of  Northumberland 
in  the  year  1779-  Perhaps  there  is  no  deciduous  treefo  beautiful,  or  fo  proper  for  plea* 
fure-grounds  intended  for  ornament  and  (hade,  as  this  poplar  \  having  a  fine  upright 
flem ;  the  branches  well  difpofcd  5  the  bark  fmooth,  and  of  a  filvery  hue,  refembling 
fatin-wood.  The  leaves,  which  are  of  a  light  green,  are  produced  very  early  in  the 
fpring,  and  are  retained  on  the  tree  longer  than  on  any  deciduous  tree  in  this  country, 
not  falling  off  till  late  in  the  autnmn  :  they  are  never  blighted  nor  infcfted  with  infects,, 
nor  does  it  lofe  a  leaf  during  the  whole  fummer.  Though  the  poplar  is  .generally  termed 
an  aquatic,  this  will  grow  in  any  foil  or  fituation ;  and  is  of  quicker  growth  in  dry  upi^ 
land  than  any  tree  we  are  acquainted  with  in  this  climate,  though  not  quite  of  fuch  quick 
growth'^as'the  Huntingdonfhire  willow  in  rich  moift  meadow  land.  In  fuch  a  fituation,  I 
ha^e  fallen  a  Huntingdonfhire  willow^,  from  which  I  made  a  ftaircafe  when  it  was  only 
of  nineteen  years  growth,  from  a  cutting.  The  Athenian  poplar  is  propagated  with  the 
greateft  advantage  by  fuckers  and  layers ;  but  it  is  with  great  difficulty  raifed  from  cuttings 
Or  truncheons.  The  common  way  of  raifing  them,  amongft  the  nurferymen,  is,  by 
engrafting  them  on  fome  other  poplar  :  but  the  trees  thus  raifed  are  of  little  value,  being 
very  flow  in  their  growth ;  and  it  is  owing  to  this  circumftance,  perhaps,  that  their  real 

*  I  cannot  find  that  this  fpccics  of  willow  has  bc«n  ddcribcd  by  any^  botanical  writer ^  but  it  is  well  known 
among  the  nurferymen  by  this  name. 

worth 
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worth  ha«  not  before  been  difcovcred.  About  twelve  years  ago  I  purchafed  two  plants  of 
this  poplar,  from  two  different  nurfcrymen  in  London,  at  one  guinea  each ;  one  of  them 
was  grafted  upon  a  different  kind  of  poplar,  the  other  was  upon  its  own  roots.  I  placed 
them  near  together,  in  a  dry  fituation,  in  a  light  foil,  underneath  which  was  a  flratum 
of  gravel.  The  grafted  one  made  very  little  progrefs ;  1  therefore  converted  it  into  a 
ftool,  and  raifcd  feveral  plants  from  it.  The  other,  which  is  upon  its  own  roots,  has 
made  a  rapid  progrefs,  being  at  leafl  fiftyjone  feet  high,  and  two  feet  nine  inches  in  the 
girth.  It  produces  annually  a  great  number  of  fuckers,  with  which  I  have  fupplied  many 
of  my  friends*. 

The  third  is  Tie  Irofi^  Wain/cot^  or  Turkey  Oak,  fo  called  by  Mr.  Luccomb.  I  have 
long  been  in  doubt  what  fpecies  of  oak  this  really  was ;  but  one  of  mine  having  borne 
fome  acorns  this  year,  has  a-fcertained  it. to  be  a  variety  of  the  quercus  cerris ;  and  it  ap- 
pears to  me  to  be  either  a  tiotidefcript^  or  what  Mr.  Aiton,  in  his  Hortus  Kewenfis,  calls 
frondoja :  foliis  ovato^oblongis^  levlter  ftnuaits^  plantufcuUs :  commonly,  Turkey  oak  tree. 
It  is  what  Mr.  Luccomb  generally  grafts  his  Luccomb  oaks  upon  -,  and  the  plants  certainly 
grow  fader  when  grafted  upon  this  oak  than  upon  any  other.  About  twenty  years  ago, 
in  making  a  coUeftion  of  oaks,  I  received  feveral  from  Mr.  Luccomb,  both  of  the  iron 
and  the  Luccomb  oak  ;  but  I  foon  found  that  the  iron  oak  overgrew  all  the  others,  and 
was  equally  ornamental  as  the  Englifh  oak.  From  a  branch  which  I  have  fawed  ofF,  the 
wood  appears  to  be  as  hard  and  as  ponderous  as  the  Englifh  oak. 

The  following  is  an  account  of  the  fize  and  age  of  fome  Iron^  Luccomb,  and  Englifh 
Oaks,  growing  in  my  colle£tion  at  Sale  : 


Height. 

Girth. 

'eet.     Inches. 

Feet. 

Inches. 

3<5        o    — 

-    3 

3 

37        0    — 

-    3 

0 

32       a    — 

—    2 

5 

28       0    — 

—    a 

6 

39        0    — 

—    2 

10 

54        0    ■— 

-    3 

4 

An  iron  oak,  20  yean  old            —  ■  ■     ■ 

Another,  of  the  fame  age             —  » 

A  Luccomb  oak>  of  the  fame  agCj  grafted  on.  an 

Englifh  oak                   —  ■ 

An  Englifh  oak,  of  the  fame  age  •— 

Another,  40  years  old               —  —— - 

Anotlier,  56  years  old              —  ■ 

The  following  is  a  Copy  of  a  Letter  from  Mr.  Luccomb  to  Mr.  Babington,  dated  New- 
bridge, Exeter,  September  17,  1795  : 

«*  All  I  can  fay  of  them  (the  iron  oaks)  is,  that  my  father  had  a  few  of  them  as  a  pre* 
fent  from  William  Ball,  Efq.  of  Manhead-houfe  (now  lord  Lefburne's,  near  Chudleigh, 
Devonfhire),  about  fifty  years  fince,  by  the  name  of  the  iron  or  wainfcot  oak,  which  Mr. 
Ball  received  from  Turkey  by  one  of  his  own  fhips  trading  there.  They  arc  the  fame 
fort  which  you  have  noticed  at  Hillerfdon,  as  my  father  fold  fome  of  them  to  Mr.  Creroy 
about  forty  years  fince.  They  have,  as  you  obferve,  a  very  jagged  leaf,  and  the  cup  of 
the  acorn  is  rough  like  a  bur.     They  arc  not  evergreen.'* 

'^  There  is  another  ptplar  of  very  fwift  growth,  which  makes  a  very  handfome  tree,  and  will  flourifh  in 
any  fituation  or  foil.  It  is  the  Populus  ccrdifalia  cajtadenjis,  or  Dcrry-bcaring  Poplar,  as  it  is  commonly 
called.    This  tree  will  grow  freely  from  cuttings. 

Xx2  The 
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^ce^unt  (f  three  TitjAer^Trees  %vhich 


The  follawing  is  a  Letter  I  received  from  my  worthy  friend  the  Rev.  Thomas  Gifbornc, 
•tudior  of  feveral  ufeful  publications  : 

^  «  Deak  Sir, 

**  Yoxall  Lodge,  0£V.  ao,  179$. 
**  I  have  this  evening  received  a  letter  from  my  brother-in-law,  Mr.  Babington,  re- 
fpedling  the  meafurcments  of  the  iron  oaks  at  Hillerfdon,  near  CuUompton,  where  he  now 
is :  I  fubjoin  what  he  fays  on  the  fubjeft,  and  have  pleafure  in  finding  the  refuU  fo  ho- 
nourable to  the  tree  which  you  recommend. 

**  I  am.  Sir,  &c. 

*'  Thomas  Gisborne. 

** To-day  I  have  meafured  fome  of  the  oaks  about  three  feet  and  a  half  from  the 

ground  \  and  give  you  the  refult,  which  I  thought  would  be  fair  and  fatisfaflory,  in  the 
following  way : 

**  No*  of  Englifh  oaks.  Circumference. 

Tttt,    inches. 

8  ■■  ■  31        1 
Q                           .                 -  '  30       I 

9  *  yi       a 


26 


26)  93 


10 


Average  eircumference 


^  No.  of  iron  oaks. 

6 

6 

6 


■  ^ 


3       7i 

Circumference. 

Feet.     Inches. 

31  6 
Z^  10 
31        9 


18)  96 


Average  circumference  5        4 

•*  As  circles  arc  as  the  fquares  of  their  circumferences,  pieces  of  the  buts,  at  this^ 
height,  a  foot  long,  would  be  to  each  other  as  1877:4096.  Now,  fuppofing  the  iro» 
oaks  to  carry  their  buts  as  much  higher  than  the  others  as  their  fubftance  below  would 
lead  us  to  expeft  (and  they  feem,  in  fafl,  to  do  this  or  more),  there  muft  be  four  or  five 
times  as  much  wood  in  them  as  there  is  in  the  Englifh  oaks.  An  old  labourer  here  in- 
forms m^,  that  all  were  planted  at  the  fame  time,  between  forty  and  fifty  years  fince. 
They  (land  in  rows,  ten  feet  afunder,  and  the  trees  arc  twenty  feet  from  each  other  in 
each  row.  I  meafured  fuch  trees  as  firft  prefeoted  therofelves,  with  the  exception  of  one 
or  two  which  feemed  unhealthy.  They  are  on  a  fteep  bank  and  a  gravelly  foil.  The 
trunks  of  the  iron  oaks  are  covered  with  a  lighter  mofs,  on  the  whole,  than  fixes  itfelf  011 
the  Englifh  oak ;  but  make  a  fine  appearance.  I  meafured  many  outfide  trees,  and  ob- 
ferved  that  the  iron  oak  feemed  to  have  as  great  a  fuperiority  over  the  other,  in  this  fitua- 
tion^  as  it  has  when  futrounded  by  neighbours.  As  to  the  height,  the  iron  oaks  very  ge- 
nerally out-top  the  others,  and  are  the  matter  trees  ;  but  you  know  that  in  a  plantation  a 
ilqnder  tree  will  often  be  nearlV  as  tall  as  its  fturdy  neighbour^ 


an  liiefy  U  pr9ve  n  gnat  nalknal  AJvanlagiN  ^37 

**  P.  S.  On  looking  over  the  oaks  again,  I  think  the  iron  oaks  carry  up  the  thicknefs  of 
their  buts  a  good  deal  better,  cateris  paribus^  than  the  others  5  and  therefore  they  have  five 
or  fix  times  the  quantity  of  wood  in  them. 

"  There  are  b*ut  two  beeches,  and  they  arc  both  outfide  trees,  and  therefore  larger  than 
they  otherwifc  would  be.  The  circumference  of  the  two  was  12  feet 4  inches;  average, 
6  feet  2  inches. 

"  Spanifh  chefnuts,  No,  Circumference. 

Feet.     Inches. 

6  31        3 

8  34        3 

4  ^+        3 

18  — —  18)  89        9 


Average  circumference  4       11^  nearly." 

N.  B.  Mr.  Babington  fays,  **  that  there  are  gates  and  pales  on  the  premifesat  Hillerfdon, 
vhich  have  been  made  of  the  iron  oak  ;  and  that,  as  far  as  he  can  judge,  the  wobd  appears    ' 
as  hard  and  as  tough  as  that  of  the  common  oak.*' 

It  has  always  been  confidered,  that  when  men  have  planted  oak,  they  have  not  planted 
for  themfelves,  or  for  their  children,  but  for  diftant  pofterity ;  and  even  they  could  never 
be  repaid  where  land  bore  any  annual  value  :  and  to  the  planter  himfelf  little  pleafure  could 
arife  from  trees  of  fuch  very  flow  growth.  But  the  fame  perfon  who  plants  the  iron  oak 
may  pofllbly  live  to  reap  fome  little  profit  as  well  as  pleafure  5  and  it  is  not  at  all  unrea^ 
fonable  to  fuppofe  his  immediate  fucccflbr  may  fee  it  arrive  to  fome  degree  of  pcrfecflion. 
From  what  I  have  feen  of  the  wood  of  this  oak,  and  from  the  account  given  by  Mr.  Ba* 
bington  of  the  gates  and  pales  made  with  it,  there  is  great  reafon  to  fuppofe  it  will  be 
equally  ufeful  as  the  Englifh  oak  for  any  purpofe  whatever. 

The  general  decreafe  of  timber  in  this  ifland,  the  many  waftc  lands  unemployed,  and  the 
bill  now  propofed  to  be  brought  into  Parliament  by  that  great  ^friend  to  agriculture  Sir 
John  Sinclair,  will  be  my  apology  for  troubling  the  Society  with  this  paper ;  for  the  planter 
ought  certainly  to  be  furniftied  with  every  advantage,  and  every  poflible  inducement  (hould 
be  Held  out  to  him  for  promoting  fo  ufeful  and  fo  national  a  work. 

Explanation  of  Plate  XF,  fig.  3. 

A.a*  a. a.  Leaf,  acorn,  and  prickly  cup  of  the  Iron,  Wainfcot,  or  Turkey  Oak. 

B.B.b.b*  Leaf,  acorn,  ahd  prickly  cup  of  the  ^lercus  Cerrts  of  Ltttftaus^  fol,  ohtottgir^ 
iKratO'ptnnatlfidis  :  lacltiiis  tranfverfis^  acutis,  fubtus  fubtomentofis  ;  calyce  hifpido  ;  glunde  tni» 
tiore.     Small-acorned  Spanifh  Oak  with  prickly  cups. 


II. 

AbJlraH  of  a  Memoir  of  M.  ProUST  on  the  Tanning  Principle"^.      Bj  Citizen  DESCOTJLi. 

^f\.  SOLUTION  of  muriate  of  tin,  at  any  degree  of  oxydation  whatever,  being  poured 
into  a  decodion  of  nut-gall,  forms  an  abundant  yellowifli  precipitate.    Aftef  having  diw 

•  Annales  de  Cbimie,  xxv,  xi%^ 

kled 
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luted  this  mixture  with  a  quantity  of  water  fufiicient  to  feparate  the  laft  portions  of  precU 
pitate  which  the  acids  may  hold  in  folution,  it  is  filtered,  and  the  liquor  contains  the  acids 
of  galls,  muriatic  acid,  and  muriate  of  tin.  The  precipitate  is  a  combination  of  the  tanning 
principle,  and  the  oxyde  of  tin.  It  cannot  contain  the  gallic  acid,  becaufe  this  acid  is  not 
precipitated  by  tin.  The  folutions  of  lead,  on  the  contrary,  precipitate  the  gallic  acid,  as 
well  as  the  tanning  principle  •,  and  on  this  account  it  was  that  Scheele  could  not  feparate 
the  acid  of  galls  from  the  principle  of  aftringency. 

In  order  to  obtain  the  acid  of  galls,  the  tin  mud  firft  be  feparated  by  fulphurated  hydro- 
genous-gas. The  fulphurated  oxyde  falls  down  in  the  form  of  a  browi  puwder.  After 
having  left  the  fluid  expofcd  to  the  fun,  with  a  covering  of  paper,  in  order  that  the  cxcefs 
of  fulphurated  hydrogen  gas  may  be  diflipated  or  entirely  decompofed,  it  is  to  be  filtered, 
and  then  evaporated,  in  a  veflTcl  of  filver,  to  the  requiGte  point  for  the  cryflallization  of  the 
gallic  acid  by  cooling.  The  cryftals  being  then  thrown  on  a  filter  muffi  be  waflied  with  a 
fmall  quantity  of  cold  water.  The  remaining  fluid  is  to  be  treated  by  evaporation,  and 
cooling  in  the  fame  manner,  in  order  to  deprive  it  as  much  as  poffible  of  gallic  acid.  At 
the  end  of  the  operation,  it  is  neceflfary  to  ufe  capfules  of  glafs,  becaufe  the  muriatic  acid 
becomes  concentrated.  The  earths  which  fome  chemifts  have  pretended  to  exift  in  the 
decodion  of  nut-galls  ought  to  be  found  in  this  refidue.  Mr.  Proud  met  with  none  \  but 
he  propofes  to  examine  the  refidue  with  more  particular  attention  to  this  point. 

To  feparate  the  tanning  principle  from  its  combination  with  the  oxyde  of  tin,  this  laft 
powder  is  difTufed  in  a  quantity  of  water,  through  which  a  current  of  fulphurated  hydro* 
genous  gas  is  pafl^d.  The  fulphurated  oxyde  falls  down,  and  the  pure  tanning  principle  at 
the  fame  time  becomes  diflblved  in  the  water.  After  filtration,  the  folution  is  evaporated  in 
a  filver  bafon,  in  which  it  acquires  the  deep  colour  of  a  decodlion  of  nut-galls,  and  its  pe- 
culiar fmell,  which  is  one  of  the  diflinflive  charaAers  of  the  aftringent  principle.  Its  tafte 
is  exceedingly  acerb,  and  rather  bitter,  without  being  difagreeable.  It  lathers  like  foap- 
water,  without  feeling  un£tuous  to  the  touch.  It  becomes  turbid  by  cooling,  and  lets  fall 
a  light  brown  powder,  which  is  diflblved  again  by  heat.  It  refembles  the  laft  deco£lions  of 
nut-galls,  which  do  not  become  mouldy,  and  are  thought  by  Mr.  Prouft  to  contain  the 
tanning  principle  nearly  in  a  ftate  of  purity. 

The  fubftance  which  remains  after  its  evaporation  is  dry,  brown,  friable,  breaks  with  a 
vitreous  fraSure,  like  aloes,  and  does  not  attradl  the  humidity  of  the  air.  Its  tafte  is 
very  rough  and  harfli :  it  is  totally  folublc  in  hot  water,  and  ftill  more  readily  in  alcohol. 

All  the  acids  precipitate  the  tanning  principle  from  its  aqueous  folution,  by  uniting  with 
it.  As  this  fa£l  belongs  to  the  analyfis  of  galls,  which  Mr.  Prouft  has  made  by  means  of 
the  fulphuric  and  muriatic  acids,  he  promifes  to  treat  of  it  again  in  the  fecond  part  of  his 
work. 

The  aqueous  folution  of  the  tanning  principle,  poured  into  a  folution  of  glue,  imme- 
diately converts  it  mto  a  magma,  which  poflfefles  the  elaftic  properties  of  the  gluten  of 
wheat.  This  fubftance,  when  left  to  dry,  contrails  in  its  dimenfions,  and,  when  perfeSly 
dry,  has  the  appearance  of  a  brown  mafs,  vitreous  in  its  frafture,  not  capable  of  putre- 
faflion,  perfedly  infoluble  in  water,  yielding  little  to  alcohol  and  capable  of  refuming  its 
daftic  property  by  foftening  it  in  hot  water.  It  is,  in  a  word,  favs  the  author,  the  com- 
bination difcovered  by  Seguin,  the  prefcrving  principle  of  tanned  leather.  It  is  alfo  ob- 
tained with  the  folution  of  the  nut^galL 

Albuminous 
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Albuminous  liquors  are  precipitated  by  the  tanning  folutioni  but  the  refult  Is  not  a  mag« 
ma  fufceptible  of  the  fame  concentration* 

The  green  fulphate  of  iron  is  no  more  altered  by  the  tanning  principle  than  by  the  acid 
of  galls  *. 

7  he  red  fulphate,  on  the  contrary,  is  precipitated  in  a  fomewhat  tarniflied  blue  depofi- 
tion,  which  ib  abundant,  coarfe,  and  ot  a  black  colour  when  dry.  If  the  precipitate  which 
this  fulphate  aftbrds  with  the  gallic  acid  be  compared  with  this,  it  will  be  feen  that  they 
greatly  differ.  The  former  is  of  an  extreme  fubtlety,  and  remains  long  fufpended  in 
water  :  it  is  perfecflly  black,  &c. 

The  gallate  of  iron  is  foluble  in  acids ;  the  tannate  of  iron  is  dccompofed  by  thofc  falts* 
It  abandons  its  iron,  and  the  tanning  part  falls  down. 

If  the  red  fulphate  be  poured,  rather  in  excefs,  into  a  folution  of  the  tanning  principle,  the 
difengaged  fulphuric  acid  re-diflblves  the  precipitate,  and  affords  a  black  fluid  in  its  greatefl 
intenfity,  which  is  blue  when  much  diluted.  To  feparate  the  precipitate,  without  depriving 
it  of  the  tanning  principle,  it  is  necefliiry  that  the  excefs  of  acid  in  the  fluid  fhould  be  gra- 
dually faturated  by  pot-aih.  With  a  little  attention,  the  operator  may  fucceed  in  rendering 
the  liquor  colourlefs,  without  aflTefting  the  fuperabundant  portion  of  fulphate ;  or  other- 
wife,  if  a  fmall  portion  of  oxyde  of  iron  has  been  thrown  down  along  with  the  black  pre- 
cipitate, which  may  be  known  by  the  rult  which  is  formed  upon  the  filter,  a  few  drops  o£ 
acid  will  re-difTolve  it. 

But  it  is  a  remarkable  fa£(,  that  all  the  red  fulphate  remaining  in  the  fluid  is  brought 
back  to  the  flate  of  green  fulphate.  The  quantity  of  oxygen  which  conflitutes  the  diffe* 
rence  between  the  one  and  the  other,  is  feized  by  a  portion  of  the  tanning  principle. 
The  latter  thus  oxyded,  and  by  that  means  rendered  incapable  of  precipitating  the  red  ful- 
phate, renuins  in  folution.  This  oxydation  of  the  tanning  principle  is  diredly  and  eafily 
obtained  by  the  oxygenated  muriatic  acid.  The  folution  of  the  tanning  principle,  inftead  of 
becoming  clearer,  acquires  a  deeper  colour,  and  lofes  all  its  peculiar  chara£lers  in  its 
tranfition  to  a  new  flate,  which  Mr.  Prouft  has  not  yet  examinedf. 

The  gallic  acid  undergoes  the  fame  alterations  by  the  oxygenated  muriatic  acid,  and,  like 
the  folution  of  the  tanning  matter,  becomes  incapable  of  precipitating  the  red  fulphate. 
This  is  the  effeft  which  age  produces  upon  ink.  The  gallic  acid  is  deftroyed,  the  red  oxyde 
remains,  and  may  eatily  be  rendered  blue  by  the  method  of  Blagden. 

As  the  aftringent  juices  cannot  afford  indeftrudWble  inks,  we  mufl  therefore  return  to  the 
method  of  the  antients,  who  ufed  coal  for  this  purpofe.  Perhaps,  fays  Mr.  Proufl,  there  is 
no  fubflance  fo  proper  as  bpanifh  chalk.  This  flone,  which  is  neither  bituminous  nor  am- 
pelite,  18  found  with  the  amianthus,  and  is  compoied  of  akimine  witli  fix  or  feven  per  cent. 
of  pure  charcoal. 

The  fame  phenomenon  of  the  oxydation  of  the  blackening  principle  at  the  expence  of  the 
led  fulphate,  is  alfo  obferved  in  black  dyesmade  with  fumac  and  this  metallic  fait*  Mr* 
Proufl  had  occafion  to  obferve  it  in  a  bath  of  this  kind,  which  no  longer  added  to  the  black  co* 
kmr  of  the  piece  goods.  The  liquor  was  greenifh  f  the  red  fulphate,  or  the  oxygenated  muriatic 

*  On  this  fuH}e£t,  fee  the  interelling  paper  of  this  author,  in  our  Journal^  !•  453*  ^ 
t  See  the  obfervations  of  Seguin,  Philof.  Journal,  1. 175. 

acid^ 
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acid,  immediately  formed  black.  Hence  hc^concluded  that  the  gallic  acid,  or  tlie  aftringcnt 
principle  and  the  green  fulphate,  exifted  together  in  the  bath.  The  red  fulphate  which  was 
poured  in,  combined  with  the  vegetable  principle  ;  the  oxygenated  muriatic  acid,  by  con- 
verting the  green  fulphnfe  info  red,  gnve  it  the  facility  of  combining  and  affording  black 
with  the  fame  principle. 

From  thefe  fa£ls  it  follows,  that,  in  the  procefs  of  dyeing  black,  a  portion  of  the  blackening 
principle,  whether  it  be  the  tanning  matter  or  the  acid  of  galls,  is  deftroyed  by  oxydation  \ 
that  a  certain  period  arrives  at  which  the  bath  can  no  longer  afford  the  black  dye,  unlefs,  by 
cxpofure  to  the  air,  the  iron  can  refume  the  quantity  of  oxygen  neccflary  to  bring  it  to  the 
ftate  of  red  oxydc  •,  and  laflly,  that  dyers  would  confiderably  accelerate  their  work  by  ufing 
the  red  fulphate.  It  would  only  be  neceflary  in  that  cafe  to  provide  againft  the  excefs  of 
fulphuric  acid,  which  always  is  found  in  the  fulphate  of  iron  when  it  pafles  from  green  to 
red.  With  regard  to  the  ufe  of  logwood,  verdigris,  &c.  Mr.  Proud  is  convinced  that 
thefe  fubftances  are  not  neceflaryi  and  that  the  mod  beautiful  blacks  may  be  obtained  by 
aftringents  alone  with  iron. 


*^" 


III. 

Notheofa  I\iemoir  of  Citizen  GuTTONj  upon  the  Tables  of  the  Compofttion  of  Salts ^  and  the 

Means  of  verifying  the  Proportions  indicated  by  thofe  Tables^ , 

"X  H  E  little  agreement  between  the  tables  of  Bergman,  Wenzel,  and  Kirwan  fhews  all 
the  difficulty  of  determining  with  exaftnefs  the  proportions  of  the  component  parts  of 
falts.  A  method  of  verifying  fuch  tables  would  therefore  be  ufeful  to  the  progrefs  of  fcience. 
The  following  appears  fp  fimple  and  appropriate,  that  it  is  aftonifliing  it  has  not  yet  been 
attempted.  It  confifts  in  a  comparifon  of  the  refults  of  experiment  and  computation,  with 
regard  to  the  agreement  of  the  very  perceptible  effedk  arifing  from  the  excefs  or  deficiency 
of  one  of ^  the  fubilances  after  mutual  decompofition. 

For  example,  according  to  Bergman  : 

Sulphate  of  Barytes  contains    Acid       13. 

Barytes  84. 
Sulphate  of  Soda  contains        Acid  ^  28. 

Soda       1(5. 
Muriate  of  Barytes  contains    Acid       23,57 

Barytes  76,43 
Muriate  of  Soda  contains         Acid       52. 

Soda  42. 
Neglefling  the  water,  which,  though  of  fome  confcquence  in  the  effefl:,  is  of  none  in  the 
rcfult  *,  we  fee  that,  in  the  cafe  of  an  exchange  of  bafes  between  two  falts,  the  refult  of  the 
mixture  mud  either  be  neutral,  or  poflefs  an  excefs  of  acid,  or  an  excefs  of  the  bafe  ;  and 
that,  by  rendering  the  decompofition  of  one  of  the  falts  complete,  we  ought  to  obtain  the 
fame  refult  from  calculation  as  that  which  fliall  be  afforded  by  experiment. 

*  Read  to  the  National  Tnftitute  of  France,  the  i6th  Prairial,  in  the  year  V.    This  notice  is  tranflated  from 
the  Annates  dc  Cliimie;  xxv.  292. 

Now, 
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Now,  ifby  the  fulphaceof  foda  we  decompore  a  quantity  of  muriate  of  barytes  contain* 
ing,  according  to  ihe  above  tabic,  25,906  of  mutiatic  acid,  there  ought  to  remain  difen- 
gagcdi  or  in  excefs,  16,710  ;— ncvenhelcfs  the  mixture  remains  neuter. 

The  fluid  remains  alfo  neuter,  if  weceafc  to  add  the  folutionof  fulphateof  foda  when  the 
prcdpitate  no  longer  falls  down.  The  computation  fhews,  that  in  a  hundred  parts  of  the 
miktUTC  of  ihefe  two  falts,  in  which  the  muriatic  acid  would  be  reprefented  by  20,  there 
ought  to  remain  12  unfaluratcd,  or  in  excefs. 

Let  us  apply  the  fame  method  of  verification  to  the  proportions  determined  by  Kirwan  in 
the  new  tables  in  the  fecond  edition  of  his  Diflcrlation. 

It  is  known,  that  an  exchange  of  bafcs  takes  place  between  fulphate  of  foda  and  muriate 
of  magncfia.  The  compuuiion  ellabiifhed  on  the  proportions  indicated  by  tlie  tables  fo 
rigoroufly  afTumcd  from  the  re.il  acids,  alw.iys  (hews  a  notable  excefs  of  acid,  either  muria- 
tic or  fulphuric,  accordingly  as  the  quantity  of  one  or  the  other  of  thcfe  falts  is  incrcafed  in 
the  mixture. 

The  doubts  entertained  by  certain  chemids  on  the  refpc&Ive  decompofition  of  thcfe  two 
faltS)  have  induced  me  (o  apply  the  fame  calculation  to  the  inverfc  operation,  that  is  to  fay, 
by  mixing  the  folulions  of  fulphate  of  magnefia  and  muriate  of  foda ;  and  in  this  cafe  alfo 
the  refutts  do  not  agree. 

Laltly,  the  method  has  been  tried  on  a  cafe  of  affinity,  in  which  the  decompofition  imme- 
diately fliews  iifclf  by  unequivocal  fgns-,  that  is  to  fay,  In  the  mixture  of  a  folutioti  of  ful- 
phate of  potatli  and  nitrate  of  lime. 

According  to  the  lad  data  of  Kirwan,  the  proportions  of  the  component  parts  of  thcfe  two 
falts,  and  the  two  others  which  ought  to  be  formed,  are  as  follows : 
J- Acid     ICO 
IPotafli  108,7 
f  Acid 
I  Lime 


Sulphate  of  PotaOi  - 
Sulphate  of  Lime 
Nitrate  of  Potafii      - 
Nitrate  of  Lime 


8c,6 
r  Acid     loo 
IPctaib    113,33 

{Acid     100 
Lime      34,4 

It  is  eafy  to  form  the  misture  of  a  quantity  of  fulphate  of  potafli,  of  which  the  acid  fliall  be 
reprefented  by  the  number  100,  together  with  fomuchof  the  nitrate  of  lime  that  there  fliall  be 
more  than  fufiicient  to  caufc  the  whole  of  the  fulphuric  acid  to  pafs  into  a  new  combination. 
It  is  evident  chat,  to  cfFcdl  this,  So, 6  of  lime  will  be  required,  which  will  therefore  be  difcn- 
gaged  from  234,4  of  nitric  acid  ;  a  quantity  which  would  require  for  its  fatuiaiion  19;, 32 
of  potafh.  Bui  it  finds  only  10,87.  The  quantity  of  nitric  acid  remaining  without  any 
bafc,  or  in  excefs,  muft  confequenily  be  64,^-. 

Such  is  the  refult  of  calculation ;  but  experiment  pronounces  otherwifc.  The  fluid  di- 
luted or  concentrated,  and  even  carried  to  cryflallization,  did  not  at  any  period  prefent  the 
lead  trace  of  difcngaged  acid. 

The  author  declares  in  conclufion,  ihat  his  intention  is  not  (o  ciiticife  experiments  made 

with  no  Icfg  care  than  fagaciiy ;  but  to  offer  to  chemifts  a  problem  which  is  inierefting  in 

many  refpefls,  theoretical,  practical,  and  even  pharmaceutical ;  a  problem  of  which  the 

folution  is  no  longer  to  be  fought  in  the  amendment  of  fuch  errors  as  are  unavoidable  in! 

Vot.  n.— Nov.  1798.  T  y  manipu. 
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manipulatkyns  of  great  Mttac j  )  bat  which  alfo  leads  m  to  ccmfider  the  confequences  of 
the  affinities  In  faline  mixtwres  uinler  a  new  point  of  view,  in  order  to  difcoYcr  the  caufe  of 
a  refult  fo  little  agreeing  with  aH  the  obfervations  which  have  yet  been  made  upon  their 
compoGtion*. 


c 


IV. 

On  Pafigraphy,  or,  tie  Art  ef  Writing  vubicb  Jball  be  intelligiile  to  all  Nations  f. 


.1 


ITIZEN  Memieuz  has  prpmifed  to  aflift  us  with  a  pafigrapbyy  or  univerfal  writing, 
by  means  of  twelve  charaflcrs  which  may  be  learned  in  twelve  hours.  Tliis  extreme  fim- 
pHcity  is  entitled  to  the  utmoft  attention  of  philofophcrs^  and  feems  to  indicate  a  very  fuperior 
mind  in  the  author.  We  muft  neverthelefs  enquires  what  may  be  the  nature  of  thefe  cha^ 
jaflers  j  for  their  form  is  of  no  great  confequence.  Are  they  alphabetical  ?  Or,  are  they 
ii  kind  of  hieroglyphici  each  expreffing  an  idea,  like  the  chara&ers  of  the  Chincfe  writing  ? 
If  the  queftion  relate  to  an  alphabet,  the  fecret  is  certainly  not  uncommon ;  but,  if  the 
eharafiers  bp  hieroglyphical^  it  will  be  difficult  to  comprehend  how  twelve  primitive  ideas 
and  their  reprpfentacive  (igns  can  be  fufficient  for  every  combination.     In  either  cafe,  there 

-ts  a  new  language  to  be  learned,  which,  it  is  expected,  the  various  nations  will  adopt.  A 
Fortugucfe  receives  the  information  that  a  certain  charaAer,  a  crofs  for  example,  is  to  be 

-made  ufe  of  to  denote  a  (hip;  the  fame  information  is  communicated  to  an  Indian;  and, 
%hen  thefe  two  men  meet,  if  they  trace  a  crofs  upon  their  tablets,  they  will  both  compre- 

'bend  that  a  (hip  is  meant, — and  fo  of  the  re(t.  Without  proceeding  fo  far  from  the  ordinary 
pracfice,  I  might  fay  both  to  the  Portuguefe  and  the  Indian,  Write  the  word  navis,and  you 
will  equally  underftand  each  other  ;  or,  in  (hort,  I  might  command  all  the  people  on  the 
face  of  the  earth  to  learn  Latin,  or  any  other  common  language,  and  then  acquaint  them^ 
that  this  qualification  would  enable  them  to  underftand  each  other. 

In  this  manner  it  is,  that  all  the  nations  who  have  adc>pted  the  Arabian  cyphers  can 
readily  communicate  all  their  ideas  of  numbers  and  their  combinations,  notwithftandi^the 
difference  of  their  languages.  When  a  native  of  France  fees  a  German  write  234,  both 
Iiave  a  perception  of  the  fame  obje^,  and  underftand  each  other  perfectly,  though  the  one 
in  oral  fpeech  would  fay  deux  cents  trente  quatre^  and  the  other  zwey  hufidert  vier  und  dmjig. 
JiCt  the  Qprman  continue  to  write  numbers,  and  to  perform  the  moft  complicated  opera- 
tions, the  Frenchman  will  follow  and  comprehend  them  without  difficulty.  The  algebra^ 
ifts  of  all  nations  underftand  at  firft  fight  the  proceiTes  written  by  nations  pofTeffing  other 
sdbms.  The  fame  thing  happens  with  regard  to  the  (igns  of  pharmacy,  the  ancient  chemiftry, 
aftronomy,  and  mufic.    Let  a  number  of  Italians, Engli(b, French»Ht|  Germans, be  coHefledi, 

•  At  the  end  of  thit  paper,  the  author  docs  juftice,  in  a  note,  to  M.  Richter,  who,  in  his  Neucm  Gcgen- 
<Urie  dcr  Chymie,  &c.  makes  the  fame  obfervation,  to  which  he  was  led  by  the  great  difference  between  the 
proportions  indicated  in  the  tables  already  known,  and  thofe'he  had  dctemuncd  by  a  new  method,  which  he  calls 
ftachiometri(|ue.    I  hope  to  procure  this  work  (bon.     N. 

f  Ffom  the  Speftiteur  du  Nord,  Mai  1798.  The  (ignature  V  ***'*'*•♦  is  annexed  to  this  paper.  I  have 
knitted  the  two  firft  paragraphs,  which  form  no  elTential  part  of  the  fubjcd,  and  are  wrinen  in  a  ftyle  of  levity 
-vrhich  can  fcarcely  accord  with  the  reft  of  this  excellent  paper.^-Reference  to  two  Memoirs  on  the  fame 
lul^ji  with  a  few  remaiks,  is  made  in  our  Joumaly  II .  x  89—191 .    N« 

iDgctbep 
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r  in  an  ordieftra,  perfedly  unacquainted  with  each  odiet,  let  ihe  parts  of  the 
lame  fymphony  be  diflributed  among  them,  and  they  will,  by  performing  the  muGcal  compo- 
Ction,  afford  a  convidion,  that,  in  fpite  of  the  difference  of  language,  the  muficat  pafigraphy 
reprefents  the  fame  ideas  to  them  all. — But  in  thefe  federal  cafes  of  arithmetic,  algebra, 
mufic,  &c-  it  is  evident,  that  nothing  more  has  happened,  than  that  all  the  profeflbrs 
have  been  prevloufly  induced  to  learn  one  common  language.  This  conCdcration  caufci 
the  miracle  to  vanilh. 

As  an  univerfal  language,  the  pafigraphy  is  therefore  a  mere  pictenlion :  but  there  it 
another  point  of  view  under  which  it  may  be  conGdercd  ;  as  a  philofophical  language^ 
better  conftrufled  than  all  our  ancient  languages,  which  arc  the  pradu£ls  of  chance,  ca- 
price, and  frequently  of  ignorance.  There  is  no  doubt  but  a  profound  metaphyGcian,  medi* 
tating  at  leifurc  in  his  clofet,  and  modelling  all  his  exprellions  from  the  type  of  the  original 
ideas,  might  fucceed  in  forming  a  language  more  fimple,  and  in  every  refpcfl  fuperior  to 
that  which  we  fpeak.  This  would  be  the  language  which  we  might  then  advife  all  nations 
to  adopt,  if  they  would  confent  to  abandon  their  moiher-toiigue  and  acquire  a  language 
common  to  all  men :  but  this  language,  perfect  as  it  might  be,  would  not,  in  its  owk 
nature,  be  an  univerfal  language.  We  fliould  always  fpeak  erroncoufly,  if  wc  were  to  affcrtf 
that  the  Portuguefe  and  the  Indian,  each  writing  his  own  language  but  with  other  cha- 
racters, might  underlland  each  other.  On  the  contrary,  we  ought  to  fay,  tliat  if  botb 
acquire  the  philofophical  language,  or  pafigiaphy,  they  will  underfland  each  other. 

The  whole  edifice  of  this  pretended  difcovery  is  therefore  reduced  to  the  propofal  of  a 
new  language  more  fimplc,  more  accurately  eftablifhcd  upon  the  generation  of  our  ideas, 
ind  which,  on  that  account,  is  better  adapted  than  any  other  to  become  the  univerfallaa- 
guage,  admitting  it  to  be  poITible  to  introduce  fuch  a  general  medium. 

But  this  propoGtion  is  not  at  all  new,  and  cannot  therefore  be  called  a  difcovery.  It  has 
already  been  made  by  feveral  men  of  the  firft  rank  in  point  of  ability,  who  have  acquired 
nothing  more  than  the  name  of  ingenious  inventors,  without  prev^ling  on  other  petfons  to 
Fecond  their  efforts. 

'A  good  hiflory  of  paGgraphy  would  not  be  an  ufclefs  work  ;  neitlier  would  it  be  very 
IBafy  to  write  fuch  a  treatife.  The  materials  are  fcattercd  through  a  multitude  of  fcarce 
Ixraks  not  eafy  to  be  collefttd. 

In  this  hiftoiy  we  fhould  fee  what  efforts  have  formerly  been  employed  to  confine 
Iiuman  language  within  general  and  duierminatc  rules  ;  what  principles  hwc  already  been 
bid  down,  and  the  progrefs  which  this  art  has  made  in  a  few  philofophical  minds.  We 
fhould  judge  to  what  extent  the  modern  paGgraph  has  .ivailcd  himfclf  of,  or  departed  from, 
the  idea<  of  bis  predeceflbrs.  We  can  only  prefent  a  few  unconne^ed  portions  of  tbi« 
hiftory*.  M 

It  is  known,  that  TOd  Bacon  of  Verulam  comprehended  nearly  the  whole  of  humaa 
knowledge  ;  that  he  difcerned  almoU  every  thing  which  was  wanting  in  the  eocire  fyttemt 
and  forcfjw  moft  of  ilie  difcovcries  which  h-vc  fince  been  made.  He  laid  the  foundations 
of  an  EncycIopa;dia,  and  was  very  near  difcovering  various  important  philofophical  refults 


•  In  tbeCeaimderZeitii.  toS,  for  the  prvfcm  ytar^Bn  ani 
drawing  up  ibe  prcfcnt  memoir.    Note  of  the  Autliur. 
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of  experiments,  fuch  as  the  weight  of  the  air,  &c.  If  we  open  his  book  on  the  prcgrefii 
of  the  fcienccs,  ^e  (hnll  find  the  notion  of  a  pafigraphy  in  the  chapter  entitled  The  Inftm- 
ment  of  Difcourfe.  "  It  is  poflible  to  invent  fuch  fign^,"  fays  he,  "  for  the  communication 
of  our  thoughts,  that  people  of  different  languages  may,  by  this  means,  undcrftand  each 
other  5  and  that  each  may  read  immediately,  in  his  own  language,  a  book  which  fliall  be 
written  in  another."  But  Bacon  did  not  think  of  confining  this  to. twelve  charafters  :  on 
the  contrary,  he  requires  a  great  number,  at  Icaft  as  many  as  the  number  of  radical  words; 
l^n  which  head  he  quotes  the  example  of  theChinefe;  **  and  although,**  adds  he,  **our 
alphabet  may  appear  more  commodious  than  this  method  of  writing,  the  thing  itfelf  is  nerer- 
tliclefs  well  deferving  of  attention.  1  he  problem  relates  to  the  fignsby  which  thoughts  may 
be  rendered  current ;  and  as  money  may  be  ftruck  of  other  materials  as  well  as  gold  ^nd 
filver,  it  is  poflible  likewife  to  difcover  other  figns  of  things  as  well  as  letters  and  words*.** 

Des  Cartes,  in  his  third  letter  to  father  Merfennus,  difcufles  the  invention  of  a  French- 
man, whom  he  does  not  name,  but  who,  by  means  of  a  certain  language  and  an  artificial 
writing,  pretended  to  underftand  all  the  difierent  idioms.  He  remarks  on  this  fubjefl,  tha( 
it  would  be  very  poflible  to  compofe  a  fliort  and  convenient  grammar,  with  general  figns^ 
which  (hould  render  all  foreign  languages  intelligible.  Here  are  already  two  works  on  the 
pafigraphic  art ;  but  we  ihall  proceed  to  exhibit  circumftances  of  a  more  pofitive  nature. 

In  the  year  1661,  John  Joachim  Becher  publiflied  a  Latin  folio,  the  title  of  which  was 
•*  Charaflers  for  the  Univerfal  Knowledge  of  Languages:  a  Steganographic  Invention  hitherto 
unheard  of*  t»  This  unheard  of  invention  was  no  other  thing  than  what  is  now  announced 
to  us  under  the  name  of  Pafigraphy ;  it  is  a  method  of  making  one's  felf  underftood  by  all 
foreigners  by  writing  in  one's  own  language,  and  alfo  of  comprehending  what  they  write  in 
theirs.  It  was  truly  at  that  time  a  thing  unheard  of  *,  for  Becher,  being  the  firft  who  had 
given  a  complete  treatffe  on  this  arr,  may  be  confidered  as  the  inventor.  He  begins  his 
work  by  a  fet  of  very  delicate  and  highly  interefting  obfervations  upon  general  grammar, 
and  the  fundamental  relations  of  all  languages  with  regard  to  each  other.  He  gives  a 
learned  comparative  table  of  the  relations  and  harmony  of  the  Latin,  the  Greek,  the  He- 
brew, the  Arabian,  the  Sclavonian,  the  French,  and  the  German.  This  work  cannot  be 
too  highly  efteemed,  and  afluredly  was  not  unknown  to  the  author  of  the  work  Du  mondt 
primitif.  A  Latin  didionary  then  follows,  in  which  every  word  correfponds  with  one  or 
more  Arabic  numeral  figures  arbitrarily  taken.  Every  number  is  aflumed  as  diftinftive, 
or  denoting  the  fame  word  in  all  languages  ;  and  confequently  nothing  more  is  required 
thin  to  compofe  a  diftionary  for  each,  fimilar  to  that  which  he  has  given  for  the  Latin. 
There  is  likewife  a  table  of  declenfions  and  conjugations,  which  prefents  certain  determi- 
nate numbers  for  all  the  cafes,  moods,  tenfes,  or  perfons.  By  means  of  this  general  difpo- 
fition,  when  a  Frenchman  is  dcfirous  of  writing  to  a  German  the  following  phrafe,  La 
guerre  eft  un  grand  ntal  (war  is  a  great  evil),  he  feefcs  in  his  index,  guerre^  etre^  grand,  mal  \ 
and  he  writes  the  correfpondent  numbers, 

I3>    33>     67,    68. 

•  I  have  nranflated  from  my  original,  inftcad  of  recurring  to  the  book  of  chancellor  Bacon,  which  I  do  not 
pofleft      The  palTages  marked  as  quotation >  are  not  therefore  the  words  of  Bacon,  but  hii  (cnfc.     N. 

f  The  author  has  not  given  the  Latin  title  of  this  work.    I  have  therefore  tranilated  his  French  tide  word 
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Tentence  might  be  undcrdotxl  by  tbefc  four  eharafleriftic  numbers ;  but  to  leave  no 
room  for  ambiguity,  he  fays.  Guerre  is  ihi;  noniiiuiive  cafe,  ;inJ  6ncls,  as  the  cliara£l«ittic 
of  the  nominative,  the  Arabic  figure  i.  Eji  is  the  third  pcrfon  fingular  of  the  indica- 
tive mood,  prcfcnl  tcnfe,  of  whith  the  clura£lcrirtic  is  15.  1'ogr.inJ,  and  to  ma/,  belong 
likewifc  the  figure  1,  for  the  nominative  cafe ;  Uc  will  therefore  wilic 

'3-1       I      33-iS      !      67.1       I      6B.1       I 
where  ihc  numbers  are  fepar^ited  by  finall  vertical  bars  to  prevent  confuHon.    It  may  eafitf 
be  conceived  how,  by  the  invetfc  method,  the  German  will  find  in  his  tablci  the  words  d&* 
noted  by  the  cy[)hers,  which  will  form  Der  krifg  i/I  iln ^njfei  uchtL 

This  invention  of  13echer,  which  is  the  fnme  thing  nearly  with  regard  to  language,  ac 
algebra  is  to  arithmetic,  could  not  have  eoll  him  any  great  ciFort  of  ihe  imagination  ;  and 
it  evidently  reduces  itfeif,  as  I  have  obferved  with  regard  to  all  pafigraphy,  to  the  learning 
a  new  language,  or  having  a  ditlionary  at  hand  for  ufe.  It  is  beCdes  pofleffcd  of  confidci- 
able  fimplicity,  and  even  a  few  hours  praflicc  will  render  it  cafy.  If  any  reader  (hould  be 
curious  to  fee  more  api'licatlons  of  this  kind,  he  may  have  Tccourfe  to  the  Latin  work  of 
Sturmius,  Effais  d' E^piru-ncrs  cur'uuftt  '. 

In  the  fame  year  George  Dalgaru,  an  Englilhraan,  publifhed  at  London,  a.work  of  which 
the  prolix  title  is  fufficiciit  to  ftiew  its  object.  It  is,  "  The  Art  of  Signs,  or  an  Univcrfal 
Character  and  Philofophical  Language,  by  Means  of  which.  Men  of  the  rooft  diftcrent 
Idioms  may,  in  the  Space  of  two  Weeks,  learn  to  communicate,  whether  by  Word  of 
Mouth  or  by  Wtiiinp,  all  their  Thoughts,  as  cleiriy  as  in  thctr  Mother  tongue.  Befides 
which,  young  Perfons  may  therein  learn  the  Principles  of  Philofophy,  and  the  Praflice 
of  true  Logic,  more  fpeedily  and  more  readily  than  tn  the  ordinary  phiJofophic  "Writings." 
The  book  of  Dalgaru  is  written  in  Larin  f-  Becman  accufes  him  of  extreme  pedantry.  I 
do  not  know  whether  this  book  is  common  in  England,  but  it  U  very  fcarce  on  the  Conti- 
nent.    His  charaflers  likewife  were  cyphers. 

Joachim  Frifichius,  profeflbr  at  the  Gymnalium  at  Klga,  was  employed  on  a  CmilaT  at- 
tempt, namely,  to  introduce  a  natural,  rational,  and  univerfal  language,  of  which  fome 
flieeta  printed  at  I  horn  in  1681  may  give  an  idea.  The  death  of  the  author  interrupted 
his  labours.  He  purpofed  to  call  his  new  language  Ludovicean,  in  honour  of  Louis  XIV". 
under  whofe  patronage  he  purfued  his  labours ;  a  prince  who  extended  his  gcneroCiy  10  the 
learned  of  al!  countries. 

The  curious  in  tefcarchcs  of  this  nature  may  alfo  find  a  projeQ  of  this  kind  in  a  folio 
volume  publithcl  at  Rome  in  ifi55,  by  the  celebrated  mathematician  Alhanafius 
Kircher,  lli^  title  of  which  is,  "  A  New  and  Univerfal  Polygraphia,  deduced  from  the  Art 
of  Combination  J  j'  and  by  means  of  which,  fays  MorhofF(Polyhiftor.  I.  ii.  c.  5.),  he  who 
underdands  one  lingle  language  only  may  corrcfpoiid  in  writing  with  all  the  nations  o£ 
the  earth. 


w  txffrimtitlalf,  five  cHrii^um,  f^c.  yeanmi  Cbiifiefbori  Siurmii,  410. 
r  hit  work.     The  title  in  the  text  it  irannatcd  verbatim  from  tfie 


*  T  ruppofc  this  wnrk  to  be  the  Cetlrgiu 
Notimberg,  1701.    N. 

f  I  know  nothing  of  thii  author,  no 
French.     N. 

}  Neither  Morcri  nor  »ny  oihcr  biograf  her  at  prefcnt  wiiiun  my  reach  hat  given  the  title  of  tliii  work  of 
ihc  voluminouf  Kirchct.    N. 

It 
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It  would  be  perhaps  unjuft  to  pafii  in  filence  the  little-known  work  of  father  Befnier, 
Jefuit^  who  in  a  book  entitled  La  Riunion  des  Langues^  ou  PArt  de  Us  apprendre  toutesparunt 
JtuU^  that  is.  The  Union  of  Languages,  or  Art  of  learning  all  Languages  by  one  alone^ 
iprinted  at  Paris  in  1674,  has  giTcn  fcTeral  intimations  which  lead  direfUy  to  pafigraphy. 

The  moft  remarkable  work  of  all  which  has  been  written  on  this  fubjed  iS|  perhaps,  that  for 
which  we  are  indebted  to  bifliop  Wilkins>  the  brother-in-law  of  Cromwell.  It  is  entitledi  An 
Eflay  towards  a  Real  Charader  and  a  Philofophical  Language,  London  i668.  tx.  is  divided 
into  four  parts.  I*  Confiderations  on  the  various  languages,  their  defe£ls  and  imperfe£lions» 
from  which  a  philofophical  language  ought  to  be  exempt.  II.  Philofophical  enquiries  re* 
fpe£Hng  all  the  things  and  notions  to  which  proper  names  ought  to  be  affigned.  in.  The 
oiCganic  fcience  of  native  grammar  confidered  as.  the  neceflary  means  of  reprefenting  fimple 
ideas  in  difcourfe*  IV.  The  application  of  the  general  rules  to  every  diaraQer  and  language. 
Examples,  &c.    This  concife  outline  fufficiently  (hews  the  importance  of  the  work  *• 

In  his  appendix,  the  ^thor  explains  the  utility  of  a  method  of  writing  without  alphabetic 
charaderspby  means  of  figns,  which  are  to  be  ufed  to  denote  all  the  principal  ideas,  die  re- 
lative attributes  being  deiignated  by  fmall  ilrokes  added  at  right,  acute,  or  obtufe  angles,  to 
die  right  or  left,  &c.  Of  principal  or  chief  ideas  he  admits  but  forty,  under  which  he 
ranges  all  the  others,  by  that  means  forming  a  kind  of  categories*  His  new  language  is 
calculated  to  afford  great  facility  of  comprehenfion,  and  new  openings  to  the  reafoning 
procefies  of  fcience.  A  learner  might  make  more  progrefs  in  it  in  a  month,  than  in  the 
Latin  in  feveral  years  f. 

After  fo  many  attempts  more  or  lefs  philofophical,  and  of  difierent  degrees  >of  perfedlion^ 
undi  others  probably  of  which  we  know  nothing,  we  muft  not  overlook  the  efforts  of  the 
celebrated  Leibnitz  for  the  introduction  of  a  pafigraphy.  His  Hiftory  and  Developement 
of  a  CharaAeriftic  Univerfal  {  Language  is  in  every  library.  Leibnitz  exhibited,  and  with 
rsafon^  his  univerfal  charaOeriftic  as  the  art  of  inventing  and  judging.  He  was  convinced 
that  an  alphabet  might  be  formed,  and  of  this  alphabet  fuch  words  as  would  afford  a  lan« 
guage  capable  of  giving  mathematical  precifion  to  all  the  fciences.  **  Men  may  thus  ac- 
quire/* fays  he,  **  as  it  were  a  new  organ,  wMch  would  add  energy  to  their  moral  faculties, 
«is  the  microfcopic  lens  increafes  the  power  of  the  eye.    The  compafs  is  not  more  highly 

• 

*  Wilkins's  EfTay  towards  a  Real  Charafler  and  a  Philofophical  Language  is  a  thin  folio  of  454  pages.  A 
fi(ftionftry  «f  EngliOi  words,  neferred  to  their  pdaces  in  the  forty  tables,  was  printed  at  the  fame  time  ( 1 668),  and 
of  the  iunt  Gze^  Theie  bodes  are  not  very  fcarce.  They  contain  a  treafure  of  information  with  regard  to  the 
•bjedU  comprehended  in  the  fcbcme  for  a  philofophical  language  ;  but  neither  this,  nor  the  chara£ter  itfelf,  as 
^  biihop  has  left  them,  appears  to  be  enough  completed  to  attract  the  attention  of  the  world  by  their  facility. 
Dr.  Robert  Hooke,  whofe  prodigious  abilities  give  a  fan£lion  to  whate\er  he  approved,  did  a£tually  leam  it, 
end  publtfhed  fome  valuable  philofophical  information  on  to  engraved  plate  in  tbis  univerfal  chara^er,  with  a 
view  to  excite  others  to  acquire  the  means  of  perufal.     N. 

•|-  The  Chinefe  writing,  which  is  a  very  complicated  pafigraphy,  has  given  two  learned  men  the  idea  of 
fbfivnnig  one  upon  a  more  fimple  plan.  T-he  firft  is  Caramuci,  in  his  Affpmrui  Phiiofopbiquej  page  12S ;  and  the 
other  Andrew  Muller  Griefienhag,  in  his  CU  Cbinoife.  The  latter  promifcd  to  teach  to  women  and  children,  in 
1I1C  courfe  of  a  few  days,  a  kind  of  writing  by  which  all  the  Several  langu^es  ihould  be  rendered  intelligible  to 
them.     Note  of  the  Author. 

X  Wftma  et  commemath  ihgiut  charaBerica  univerfiJii^  quttjimul  fa  ats  imnmendi  4i  jnHcafidi.  Oeuvres 
Philof.  Lat.  ec  Fran^oiiiu  de  Lcibniu,  donnees  par  M.  Rafpc. 

valuable 
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^luable  to  the  navigator,  than  this  philofophical  language  would  be  to  htm  who  embarka 
on  the  fea  of  rcafon  and  experiment,  which  is  now  fo  full  of  danger.'' 

We  mud  not  forget  the  ingenious  method  of  the  abbe  de  TEpee,  wha,  by  means  of  the 
fame  identical  geftures,  di£lated  to  his  deaf  and  dumb  pupils  certain  difcourfes,  which  they 
wrote  with  equal  readinefs  in  four  languages.  Nothing  can  more  afiuredly  refemble  a  true 
pafigraphy  than  thcfe  gcfturca. 

The  abbe  de  Condillic,  a  fubtle  metapbyfician,  particularly  with  regard  to  human  lan^ 
guage,  has  not  neglected  figns  and  chara£lers.  In  his  Art  of  Thinking  {^Art  de pertfer)^ 
in  his  Art  of  Writing  {Art  d'icrire)^  and  more  particularly  in  his  Logic,  he  has  ibewft 
the  advantages  of  a  philofophical  language,  which  fhould  proceed  perfe£lly  in  the  order 
of  the  ideas,  and  of  which  the  (igns  (hould  be  the  mod  fimple  and  analytical.  JFIe  ex« 
prefsly  reduces  the  ftudy  of  all  the  fcicnces  to  that  of  a  well  conftrufted  language,,  and 
quotes,  as  an  example,  algebra  in  the  mathematital  fciences. 

Strengthened  by  fuch  affiftance,  fupported  by  the  refearchesof  fo  many  predeceflbrs,  it 
muft  no  doubt  have  been  eafy  for  Citizen  Memieux  to  have  conceived  and  executed  the 
idea  of  a  pafigraphy.     To  judge  how  far  he  is  an  inventor,  to  diftinguifli  what  exclufivefy 
belongs  to  him,  it  is  neceffary  to  examine  and  perpetually  compare  his  work  with  alh 
thofe  we  have  pointed  out,  and  no  doubt  with  many  others  which  have  efcaped  our  notice. 

Will  this  new  author  be  more  fortunate  than  Becher,  Kircher,  Wilkins,  and  Leibnitz  I 
Will  he  eaiily  perfuade  the  nations  to  learn  the  new  language  he  propofes  I  Of  this  w6. 
may  ftill  reafonaMy  entertain  fome  doubt.  However  this  may  be,  it  is  to  be  hoped  that 
a  pafigraphy  will  hereafter  be  eflablifhed.  In  thofe  ages  of  peace,  leifure,  and  union^ 
of  which  the  profpeft  is  held  out  to  us  by  M.  Kant,  men  will  have  no  objeft  of  more 
importance  than  to  give  perfe£lion  to  their  language,  and  to  liften  to  the  voice  of  philo* 
ibphers,  who  (hall  propofe  to  them  a  better  fy(lem,of  fpeech.  If  it  (hould  not  be  admitted 
in  the  lower  claflcs  of  fociety,  it  will  at  leaft  become  the  learned  language  of  all  Ae. 
earth.  On  this  fubjed  I  will  venture  to  ground  a  comfortable  hope,  which  tends  to  en«i^ 
courage  the  mind  under  its  ailonifliment  at  the  dseadful  deluge  of  books  which  at  prefent 
inundates  the  world. — ^Thofe  books  only  will  be  tranilated  into  the  learned  language  which 
deferve  the  trouble  :  the  moft  falutary  fcrutiny  will  take  place ;  and  the  reft  will  go  to  heat 
the  baths.  Philofophers,  literary  men,  authors  of  every  defcription,  be  alliduous,  compofe 
works  o(  value,  and  be  aflur.ed  that  your  writings  and  your  names  will  efcape  oblivion 
by  means  of  the  pafigraphic  invention.  In  the  mean  time,  till  the  arrival  of  this  great 
cpocha,  one  of  the  languages  at  prefent  in  ufe,  one  of  the  moft  imperfect  in  many  te« 
fpefls,  becomes  every  day  more  extended  in  its  ufe  ♦         ♦         ♦         ♦         « 


V. 

Ohfervations  on  the  Natural  Htftory  of  Guiana.     In  a  Letter  from  WiLLIAM  LoCHEAD^ 
£fq.  F.R.S.  Edin.  to  the  Rev.  Dr.  JValKER^  F.R.S.Edin.  Regius  Profeffor  of  Natural  . 
Hytory  in  the  Univerfty  <f  Edinburgh. 

[Concluded  from  Page  304*  Vol.  II.] 
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ESIDES  thefe  two  kinds,  there  are  alfo  what  we  may  denominate  .half  favannahsi 
Sojmed  upon  the  tops  of  £uid*hillf|  higher  and  more  irregular  than  in  the  cafe  of  thofe  juft 

deicribed* 


X^t  On  the  Natural  Hi/lory  of  Guiana. 

I 
defcrif>ed.    Some  of  thcfc  arc  alfo  very  extenfire.     Few  herbaceous  vegetables  are  to  be 

met  with  upon  them.  Broad  fpaces  of  arid  fand  are  interfe£led  by  clumps  of  (hrubbery. 
Nothing  grows  to  the  height  of  a  tree  \  but  a  particular  fet  of  plants,  different  from  thofe 
in  other  parts  of  the  country,  find  fubfiftence  enough  to  rife  to  fifteen  or  thirty  feet.  How 
Nature,  after  all  her  efforts,  fhould  have  failed  to  induce  a  foil  upon  thefe  is  furprifing.  It 
appears  chiefly  owing  to  the  great  poroGty  of  the  fand,  which  every  where  admits  the  de- 
cayed vegetable  matter  deftined  for  that  purpofe  to  be  carried  down  through  it,  and  filtered 
off" by  the  rain.  Even  thofe  fand-hills  which  are  covered  by  tall  trees,  (lill  (hew  proofs  of 
this.  The  trifling  layer  of  mould  formed  upon  them  is  exceedingly  thin.  When  cleared, 
Acy  are  very  barren ;  and  when  you  dig  in  them  to  a  great  depth,  you  ftill  find  fmall  por- 
*  tions  of  black  vegetable  earth  difperfed  among  the  fand.  What  corroborates  the  above 
fuppofition  is  the  appearance  of  the  fprings.  Abundance  of  thefe  are  found  gufliing  out 
copioufly  round  the  verges  of  the  hills ;  and  not\yithftanding  the  extreme  whitenefs  and 
purity  of  the  fand  from  whence  they  flow,  there  is  not  one  in  an  hundred  whofe  waters 
are  limpid.  They  come  out  not  muddy,  but  of  a  brownifh  colour,  very  much  like  the 
water  which  runs  from  pcat-mofTes,  and  they  are  certainly  tinged  by  the  fame  caufe.  The 
rotten  leaves  of  trees,  and  other  decayed  parts  of  vegetables  on  the  hills,  inRead  of  being 
colle£led  on  the  furface  to  form  foil,  are  wafhed  down  into  the  fand  llrata  by  every  rain  ; 
fo  that  the  refervoirs  of  the  fprings,  and  the  water  which  proceeds  from  them,  are  always 
coloured  with  thefe  fubftances.  There  follows  a  corollary  alfo  from  this  general  principle, 
and,  when  compared  with  fa£^s,  1  believe  it  will  hold  good  :  The  more  the  fand  is  con- 
creted into  ftone  in  any  of  the  hills,  the  more  and  better  will  be  the  foil  upon  them.  Where 
clay  in  fmall  beds,  or  in  a  certain  proportion,  is  mixed  with  the  fand,  the  vegetable  mould 
will  likewife  be  better  retained. 

:  Rivers. — I  will  next  give*  you  what  general  obfervations  I  have  been  able  to  make  upon 
the  rivers  and  creeks  of  this  part  of  America.  The  courfe  of  nearly  all  thofe  of  Guiana  is 
from  fottth  to  north.  They  ori|»inate  in  a  chain  of  hills  running  eaft  and  weft,  which  fepa^ 
rates  Guiana  from  the  -country  of  the  Amazons,  and  likewife  gives  rife,  on  its  fouth  fide,  tq 
the  numerous  branches  which  fall  into  that  river.  The  Demerary  is  aconfiderable  ftream, 
equal  if  not  fuperior  to  the  Thames  5  yet  it  is  by  no  means  among  the  largefl  of  them, 
TheElTequebo  is  five  times  larger  at  its  mouth,  forming  a  whole  Archipelago  of  iflands; 
))Ut  its  dream  foon  divides,  and,  on  account  of  rocks,  (hallows,  and  rapids,  none  of  its 
branches  are  navigable  fo  high  up  as  the  former.  Moft  of  the  particulars  I  am  now  to  give 
you,  mud  be  underdood  as  applying  to  the  Demerary.  The  bar,  if  it  may  be  fo  called,  ia 
common  to  this  with  many  other  rivers  which  dtfcharge  themfelves  into  a  fhallow  fea  j  but 
ftill  with  circumftances  in  the  prefent  cafe  which  diftinguilh  it  from  others  where  the  bot- 
tom is  not  mud  but  fand.  It  does  not  run  like  a  (ingle  narrow  ridge,  acrofs  or  nearly 
acrofs  the_  mouth  of  the  river;  but  it  is  of  great  extent,  and  is  properly  a  continuation  of  the 
mud-bank  which  runs  afl  along  the  coaft.  To  the  ead  and  weft,  and  for  two  miles  or  more 
in  tTie  offing,  you  have  ten  or  twelve  feet  water,  with  the  utmoft  uniformity  y  and  ftanding 
in  with  the  mouth  of  the  river  open,  you  neither  deepen  nor  fliallow  till  you  enter  it,  when 
you  find  two,  three,  four,  and  five  fathom;  and  it  continues  to  average  that  depth  for  a 
long  way,  fo  that  any. veflcl  which  can  enter,  may,  for  draught  of  water,  proceed  up  the 
river  for  100  miles  or  more. 

The 
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The  raoutli  of  the  EfTequcbo,  from  (he  fand-hiUs  and  rpcks  bcin^  rerjr  neaj-  it,  U  ei^ceeil; 
ifigly  different.  Tluet  large  iflaod*  prefcnt  themfetves  iii  a  breaft,  anil  divide  its  ei^tr^nce 
ittio  four  channels.  The  length  of  ihefe  iflands  is,  with  the  currcot,  fouth  and  north ;  antf 
from  the  tail  or  north  end  of  each  of  them,  as  alfo  from  tlic  hanks  of  ilie  main,  or  cither 
fide,  run  out  fand-banLs  lo  a  good  diftance.  They  are  petfcflly  firm,  quick  in  very  few 
fl'ots,  and  the  body  «f  them  is  above  the  level  of  low  water.  On  the  outfidc  of  (hem,  yoij 
have  the  continuation  of  the  mud-bajilcs  and  fliallow  water,  as  above,  only  that  the  en- 
trance of  tiicfe  channels  is  ftill  (hallower  than  that  of  the  Demerary.  The  ftrcam  of  thi» 
river  runs  very  browu  znA  oiuddy,  and  the  fea  is  (lained  with  it  for  fomc  leagues  ofi^.  A 
ftranger  naturally  imputes  this  to  the  walhings  of  a  large  flil  ciuntry,  or  the  tlirring  uji  of 
the  muddy  bottom  by  tlic  tides-  The  latter  may  in  part  be  a  cnufe,  though  1  believe  it  con- 
tributes to  it  but  very  little,  and  the  former  in  a  (late  of  uncjiiivjiion,  none  at  all.  On 
afccndiiig  forty  miles  or  fo,  you  find  the  water  clear  again,  or  rather  of  a  darkifh  hue ;  and 
fo  it  continues  abi-vc  that.  I  was  at  firft  at  a  lofs  how  to  account  for  this  i  but,  from  a 
number  of  circumflancts,  was  foon  led  to  conclude  thai  the  ihicknefs  and  light  brown 
colour  of  the  water  ntar  the  mouth  of  the  river,  and  on  the  coaft,  were  almoft  entirely  the 
cfFefl  of  cultivation.  Numberleis  ditches  and  canals  have  been  opened  by  the  inhabitants, 
which  are  receiving  or  difcharging  water  every  tide  j  and  each  particular  piece  on  a  planta- 
tion is  every  way  intcrfcdled  with  open  little  drains,  which  communicate  with  thefc  ditches. 
In  digging  and  hociog  this  clayey  foil,  much  of  it  is  fufpended  in  the  water,  and  carried  off 
by  the  current  of  the  tides.  Nothing  can  be  more  certain,  than  that  all  up  the  river,  and 
in  all  the  creeks  which  difchargc  themfelvcs  into  it,  the  colour  of  the  water  is  conftantly 
clear  or  blackiih,  even  in  ihs  rainy  fcafons  when  it  is  fwoilen.  On  confidcring  ihefe  cir- 
camllances,  I  have  been  led  to  this  general  conclufion,  which  is  fubmitted  to  the  proof  of 
obfervalion  in  different  parts  of  the  world.  The  rcddiQi  brown  colour  fo  common  in 
Freflies  of  rivers  in  Europe,  and  we  may  add  every  where,  is  almod  entirely  the  cffeft  of 
cultivation  i  and  ihe  natural  colour  of  rivers,  even  in  the  higheft  and  longeft  continued 
£oods,  wliere  all  the  country  is  ftiti  in  woods  or  pafturcs,  is  ever  that  of  a  dark  brown,  or 
blackilti,  pretty  much  like  that  of  the  dreams  which  rife  among  peat-moiVes,  but  rather  more 
diluted.  It  is  com  p -1  rati  vet  y  very  clear,  and  depofits  but  a  trilling  fcdiment.  The  other 
ii  thick  and  opaque,  and  its  fedinient  copious.  Thus  is  man,  in  his  little  workings,  made  in 
a  fmall  degree  one  of  the  engineers  of  Nature.  Wc  cannot  doubt  that  entire  llraij  will 
,Qwe  to  him  their  exilLence,  accumulated  in  a  feries  of  ages  at  the  bottom  of  the  fea,  and 
defined  in  future  revolutions  to  acl  a  more  diflingulfhed  part.  It  maj"  be  curious,  too,  ig 
confider  tlie  differences  thai  may  be  expcdcd  bctwist  the  flrata  forpied  by  thefc  different 
depoCtions,  which  may  be  fuppofed  between  them  to  have  been  the  origin  of  moll  of  the 
clays  upon  our  globe-  Clay,  earth,  or  loam,  ftirred  up  by  (he  l*bou;cr,  gives  rife  to  the 
one  :  minutely  decayed  parts  of  vegetables  form  the  body  of  the  otlier. 

ft  muft  alfo  be  obferved,  that  clearing  the  ground  aioiig  ^hc  cojft,  by  cutting  down  trcc», 
and  opening  ditches  for  tlie  difcharge  of  water,  Las  espofcd  the  land  vcr)'  mudi  to  the 
wafliing  of  the  fea.  The  roots  of  the  mangroves  formed  a  plexus  able  to  r.cfift  rt»  force, 
and  the  former  equal  and  very  flow  deepening  of  the  water  prevented  its  minting  a  flrong 
impreflion  on  any  place.  The  difcharge  from  the  ditclics  at  low  water  cut  out  channel* 
in  the  mud,  and  left  the  £des  of  tliefe  chauneU  more  cxp^fcd  ta<the  reUtraing  waves,  which 
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here  beat  continually  upon  a  lee  fliore.  We  find  therefore  on  the  eoal(i  that  the  fea  hat 
made  here  and  there  confiderable  ei)croachments,  which  generally  begin  on  the  weft  fide  of 
the  canals  or  ditches^  as  being  the  mod  aded  upon  by  the  waves,  llie  mouth  of  the  De- 
merary  itfelf  furnilhes  us  with  a  ftrong  inftance.  That  river  is  now  nearly  twice  as  wide  at 
it  was  when  the  country  firft  began  to  be  cleared,  the  fea  and  the  ftream  together  havmg 
fince  that  fwcpt  away  a  large  portion  of  land  from  the  weftern  fliore. 

Qreeh.^k  number  of  creeks  fall  into  the  Demerary  on  both  fides,  but  fo  fmall  that  they 
bear  no  proportion  to  the  fize  of  the  river.  You  can  hardly  diftinguiOi  their  mouths  in  the 
woods  which  overhang  the  banks.  They  arc  fo  narrow,  that  it  is  difficult  to  run  a  fmall  boat 
in  them  j  yet  you  will  find  in  them  throughout  from  two  and  a  half  to  four  fathom  water, 
and  they  run  winding  fo  far  back  that  it  will  take  five,  fix,  eight  hours,  or  more,  to  carry 
you  up  to  their  heads,  where  they  terminate  in  fmall  ftreams  from  among  the  fand-hills. 
The  banks  of  the  creeks,  at  their  mouths,  are  of  the  fame  height  as  thofe  of  the  river  clofe,^ 
from  five  perhaps  to  twelve  feet  above  the  water  in  the  dry  feafon.  As  you  afcend  the 
creek,  you  might  naturally  expert  to  find  them  rife.  It  is,  however,  the  veryreverfe; 
they  become  gradually  lower  and  lower,  till  at  laft  all  round  them  is  a  fwamp :  and  the 
trees  on  each  fide,  in  like  manner,  become  fmaller  and  fmaller,  and  of  difierent  fpecies 
from  what  they  were.  It  is  now,  in  fliort,  exa£^ly  a  mangrove  fwamp,  with  this  diflTerence, 
that  the  water  is  qiRte  frefli,  the  vegetables  are  not  the  fame,  and  there  are  abundance  of 
arunis  and  other  low  herbaceous  plants.  A  little  higher  up,  you  lofe  the  wood  altogether, 
and  find  yourfelf  in  a  beautiful  deep  caqal^  winding  through  a  fpacious  wet  favannah,  which 
is  llbmetimes  many  leagues  in  circumference.  The  firft  time  we  went  up  one  of  thefe 
creeks  (called  Camouni),  I  was  furprifed  at  this  appearance,  and  thought  it  muft  be  a  mere 
local  circumftance  peculiar  to  it.  We  found  afterwards  the  fame  in  one  or  two  more  in- 
fiances,  and  were  facisfied  upon  enquiry  that  it  is  common  to  them  all.  It  was  natural  to 
look  for  an  explanation  of  this  phenomenon,  and  I  foon  found  it  in  one  of  thofe  laws 
which  probably  extend  to  all  rivers  fubjefl  to  frequent  inundations.  It  has  been  obferved 
in  particular  of  the  Ganges  *,  that  the  banks  of  that  river  are  higher  than  the  adjacent 
lands  at  a  diftance  from  the  ftream,  owing  no  doubt  to  the  annual  depofitions  of  mud, 
&c.  during  the  fwell  of  the  river.  Apply  the  fame  rule  to  the  Demerary,  and  the  diffi- 
culty will  be  folved.  The  wet  favannahs  behind,  and  the  fwampy  woods  around  them, 
are  the  body  of  the  low  country,  at  its  natural  level  fcarcely  a  foot  or  two  above  the  fea. 
Whatever  additional  height  the  land  has  in  the  vicinity  of  the  river,  from  the  time  you 
have  afcended  about  twenty  miles  or  fo,  is  all  acquired.  It  has  rifen  from  the  fediment 
of  the  river  during  the  rainy  feafon,  when  the  country  is  overflowed,  fo  as  that  all  the 
lower  part  of  it  is  under  water.  This  depofition  muft  be  always  more  copious  in  propor. 
tlon  as  it  is  nearer  the  ftream,  where  additional  quantities  are  always  brought,  and  where 
it  is  kept  in  motion  both  by  the  current  and  the  tide. 

Every  thing  we  afterwards  faw  confirmed  this  theory,  and  nothing  more  direflly  than 
the  canals  which  run  out  at  right  angles  from  the  river.  Some  of  thefe  extend  four  miles 
inward,  and  they  prove  to  a  demonftration  that  the  land  becomes  lower  and  lower  the  far- 
ther you  recede  from  the  river.    The  maps  of  the  colonies  confirm  it  •,  for  in  all  of  them 

?  Account  of  the  Ganges,  &;,c.  Phil.  Tranf.  1781,  by  Major  Rcnnell. 
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tlie  main  botly  of  the  low  land  of  Guiana  is  laid  down  as  favannah  ;  and  the  woody  coun- 
try, which  a  (lianger  or  ftiperfioial  obfcrver  would  fuppofc  to  be  the  whole,  or  much  the 
greater  part  of  it,  is  in  fad  only  a  bonier  on  the  fides  of  the  rivers  and  of  the  fea,  but  of 
confiderable  breadth,  mire  or  lefs  \\\  proportion  to  the  fize  of  the  adjoining  river,  or, 
wliich  is  generally  the  fame  thing,  lo  the  acquired  height  and  extent  of  the  foil  on  either 
bank.  It  followed  as  a  confequcnce,  and  as  far  as  we  had  opportunilies  of  obferving 
found  it  10  be  the  cafe,  ihat  the  low  land  was  fomewhat  higher,  and  continued  fo 
farther  down  about  the  Eflcquebo,  thnn  the  Demcrary  ;  the  woods,  confequcntly,  were  of 
greater  ex  lent.  We  foutid,  befldes,  in  the  foil  adjoining  the  Eflequebo,  at  leaft  upon  the 
«all  fide,  a  mixture  of  fand.  The  river  is  full  of  fand-banks;  and  it  appears,  that  the 
finer  parts  of  even  this  lefs  fufpcnfible  fubftancc  arc  raifcd  by  the  floods,  and  carried 
among  the  adj.icent  woods,  lo  be  depofited  with  the  mud.  The  Mahayka,  a  fmall  river 
or  creek,  whiUi  falls  into  the  fea  aliout  twenty  or  thirty  miles  to  the  callward  of  the  De- 
merjry,  though  it  runs  a  long  way  up  the  country,  and  fpreads  into  many  branches,  has 
but  3  very  narrow  and  often  interrupted  border  of  wood  upon  its  banks;  it  runs  through 
an  immenfe  fai-annah,  and  fo  do  its  branches,  with  little  or  no  wood  till  they  approach 
the  fand-hille.  The  Delias  of  the  river  of  Oronnoko,  and  its  numerous  mouths,  make  a 
figure  even  in  the  map  of  the  world-  It  is  to  be  regretted  that  its  noble  ftream  has  been 
fo  long  hid  from  fcicncc.  What  1  learned  in  Trinidad,  from  a  gentleman  who  had  failed 
from  its  mouth  to  the  AnguRutas,  about  30c  miles  up,  confirms  and  illultrates,  in  the 
fulled  manner,  the  above  general  rule.  1  he  weftern  mouths  of  it,  oppofite  Trinidad, 
•re  navigable  only  for  launches  drawing  fix  or  feven  feet  water.  At  and  oppofite  them 
the  bottom  is  lliallow  and  muddy,  and  the  coaft  a  low  mangtove  fwamp,  rcfembling  in  all 
Tcfpcfla  that  of  Guiana,  You  mufl  afcend  thole  branches  feveral  days  before  you  reach 
the  main  dream  ;  and  in  doing  fo  you  find  the  fame  phenomena  as  in  afcending  the  De- 
merary,  but  in  a  Hid  greater  degree.  At  fitft  you  have  the  mangrove,  or  fomc  fimilar 
fwamp,  and  behind  it,  on  both  fides,  for  about  twenty  leagues,  the  land,  if  you  can  call 
it  fo,  hardly  emerging  from  the  water.  Afterwards  the  ground  appears  ;  and,  as  you  go 
up,  tifcs  ftill  higher  and  higher  on  the  banks  above  the  common  level  of  the  flrcam.  The 
trees  become  in  the  fame  manner  of  different  fpccies,  and  much  taller  than  they  were  below. 
The  channel  in  which  you  are,  from  being  wide  grows  narrower  by  degreet.  It  is  from 
about  one  and  a  half  to  three  fourths  of  a  mile  broad  near  the  entrance,  and  when  it  joins 
the  main  (Iream  is  not  more  than  about  100  yards.  Jt  has  then  acquired  a  confiderable 
depth,  and  the  banks  may  be  about  20  feet  high.  Along  the  main  Rream  of  the  river, 
or  Boca  de  Nafios,  the  gradual  rire,  and  other  circumflances  attending  it,  are  quite  fimilar. 
All  this  height  of  the  bank,  \  can  make  no  doubt,  is  entirely  acquired  ground,  formed 
by  the  fedimcnt  of  the  floods,  greater  near  the  dreams  than  at  a  diflance  from  them  ; 
and  though  1  have  no  knowledge  of  the  nature  of  the  land  in  the  Deltas  and  their  vici- 
nity,  I  would  not  hefitate  to  fay,  thai  great  part  of  the  interior  body  of  each  ifland,  and 
moll  piobably  of  the  main,  on  either  fide  where  it  is  low  country,  confilU  of  nothing 
clfe  than  wet  favannnahs. 

Fuodi. — Before  we  leave  the  rivets,  it  may  be  proper  to  take  notice  of  their  floods.   In 
no  iiiitance  of  a  large  river  does  the  univerfal  law  within  the  tropics  fail,  tliat  they  an- 
nually overflow  their  banks  for  a  certain  feafon.     What  was  a  prodigy  in  the  Nile  during 
Zt  a  the 


fbc  infancy  of  fciencc,  is  now  a  well-known  phenomenon  to  CTcry  inhabitant  of  a  conti- 
nent in  the  torrid  zone,  t'rom  the  Gt nation  of  the  river  Amazons^  it  amounts  to  a  cer- 
tainty, that  the  Demerary,  Effequebo,  and  other  rivers  of  Guiana,  cannot  originate  very 
far  np  in  the  continent  of  South  America.  This  is  confirmed  by  what  I  could  learn  of 
the  .rife  and  duration  of  the  floods  of  thefe  two  rivers.  Enquiring  about  them  at  tlie 
plantations  below  is  to  little  purpofe,  for  there  the  floods  are  hardly  difcerniblc  ;  but  by 
the  poll-holder,  and  the  fettlers  fartheft  up,  I  was  informed  that  they  are  there  fenCbk 
enough,  and  ihat,^  independent  of  all  partial  fwells  from  accidental  rains,  the  Demerary 
generally  rofe  every  year  in  the  month  of  June,  and  continued  high  through  July  and 
ipart  of  Auguft.  The  rife  there  upon  the  whole  might  be  about  twelve  feet ;  it  is  fuffi- 
rient  to  lay  the  level  parts  of  the  country  under  water,  and  to  render  the  woods  that 
c0stx  them  in  feveral  places  paflable  in  canoes.  We  could  have  wiflied  for  more  exa£t 
information.^  This,  however,  was  fufficieht  to  prove  that  the  rivers  did  not  rife  very  far 
Inhind,  elfe  the  floods  would  have  been  later  in  the  year ;, but  at  the  fame  time  that  they- 
were  of  extent  enough  to  follow  the  rule  of  all  confiderable  intertropical  rivers,  fo  as  to 
iizve  a  flood  in  the  rainy  feafon,  that  is»  in  the  months  when  the  fun  is  upon  the  fame  £de 
foi  the  line  on  which  they  have  their  origin  and  courfe. 

Thergreat  Oronodko,  I  have  been  inforihed,  begins  to  rife  a  little  in  May:  it  conti^ 
VUes  increaOng  through  the  fummer  months,  and  the  inundation  is  at  its  height  in  Sep» 
•iwnber.  At  that  time,  as  far.up  as  the  Angufturas,  the  rife  is  above  forty  feet  perpendi- 
cular above  the  iow'>vater  mark.  It  diminiihes  as  you  defcend,  till  about  the  mouth,  whece 
^It  is  only  a  vety  ^few  feet. 

^idis  are  of  the  utmioft  confcquence  to  the  Inhabitants  of  the  coaft  of  Guiana.  Thor 
*^ftbte  them  to  drain  a  x:ountry  which  odierwife  would  never  have  been  cleared,  and  they 
^fcehxiin  their 'journeys,  which  are  made  by  water  up  and  down  the  rivers,  and  even  along 
*thc  cbaft.  At  the  mouth  of  the  Demerary  it  is  high  water  at  about  half  paft  five,  at  new^ 
%iid  full  imoon.  The  rife  in  fpring  tides»  a  little  way  up,  is  twelve  feet  or  more  above  lo^ 
Vater  iwark.  The  tide  runs  very  rapidly  near  the  mouth  of  the  river,  feldom  lefs  than 
four  or  five  miles  in  the  hour.  It  continues  to  run  with  force  for  a  long  way  up,  and  was 
Hufficicnt^withtyafwind  to  carry  us  up  or  down  at  iy>  miles  from  the  mouth.  Abo v«  that 
4t  faecotftcs  feebler  ;  and  for  a  confiderable  diftanee  below  the  Rapids,  though  ther^  is  a^ 
4fciifible  rife  and  fall  of  two  or  three  feet,  yet  even  in  the  dry  feafon  the  current  is  con- 
'ft^tly  down,  only  more  gentle  during  the  rife  or.flodd  j  ^nd  there  alfo  the  continuance 
IJf  the  rife  is  very  (hort,  not  more  than  two  or  three  hours. 

Some  obfervations  upon  the  foil  of  the  difierent  parts  of '  the  country  may  be  the  fiib- 
"jeft  6f  a  future  communication.     I  will  otily  add,  at  prefent,  what  I  think  has  more  than 
fcorijeftural  foundation;  viz.  that  this  mod  recent  of  countries,  together  with  the  large 
'additional  parts  flill  forming  on  its  eoift,.  appear  to  be  the  produftions  of  two  of  the 
•^reateft  rivers  on  the  globe,  the  Amazons  and  the  Oronooko.     If  you  caft  your  eye  upon 
the  map,  you  will  obfcrve,  from  Cayenne  to  the  bottom  of  the  Gulph  of  Paria,   this  im- 
riienfe  traft  of  fwamp,  formed  by  the  fediment  of  thefe  rivers,  and  a  fimilar  traft  of 
*  fliallow  muddy  coaft,  which  their  continued  operation  will  one  day  elevate.     The  fedi- 
tnentof  the  Amazons  is  carried  down  thus  to  leeward  (the  WeftwardJ,  by  thetconfhnt 
iUlirreats  which  fet  along  from  the  fouthward  and«the  coaft  of  Brazil.    That  of  the  Oro- 
nooko 
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ftooko  is  detainedi  and  allowed  to  fettle  near  its  moiithsi  hj  tlie  oppoiite  iOands  of  Tri* 
nidad|  and  ftill  more  by  the  mountains  on  the  main,  which  are  only  feparated  firom  that 
ifland  by  the  Bocos  del  Drago.  The  coaft  of  Guiana  has  remained  as  it  were  the  great 
eddy  or  refting-place  for  the  waflitngs  of  great  part  of  South  America  for  ages  ;  and  its 
own  comparatively  fmall  ftreams  have  but  noodified  here  and  there  the  grand  depoGt. 

W.  LOCHHEAD. 
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On  the  fuppofed  Revival  of  Infers  after  long  Immerfton  in   Wine  or  other  intoxicating  Li-- 

quor.     By  Mr.  JOHN  GoUGH. 
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To   Mr.   NICHOLSON. 

SIR,  Kendal,  oa.*  7,  179^, 


O  attack  the  opinions  of  any  man  is  a  difagrceable  ta(k^  efpecially  if  fuch  opinions; 
have  been  favoured  by  pcrfons  of  the  firfl:  reputation  in  their  refpeftive  purfuits.     The 
force  of  the  preceding  refleftion  has  embarrafled  me  not  a  little  in  my  prefent  attempt,, 
which  prefumes  to  controvert  a  notion  relative  to  the  nature  of  infefts,  fupported  by  the 
authority  of  Dr.  Franklin.     This  acute  and  induftrious  philofopher  maintains^  that  flies 
drowned  in  wine  will  revive,  days,  or  even  months,  after  their  immeriibn,  upon  being  ex- 
pofed  again  to  the  air  and  fun.  The  Doftor  does  not  profefy  himfelf  to  be  the  author  of  the 
opinion,  but  fuppofes  he  faw  it  confirmed  by  an  incident  which  he  witnefled  in  London^ 
where  difcovering  two  flies  in  a  veflel  that  was  employed  to  decant  a  bottle  of  Madeira 
wine  that  had  been  brought  from  Maryland,  and  concluding,  perhaps  too  haftily,  that  the 
flies  were  imported  from  America  in  the  bottle,  he  expofed  them  to  the  fun  :  one  of  f^e 
two  revived  in  a  little  time,  and  flew  away ;  but  the  other  could  not  be  reftored  to  life  bjr 
this  artlefs  method  of  refufcltation.     After  dating  the  fa£t>  the  DoAor  proceeds  to  en- 
tertain his  readers,  according  to  his  cuftom,  with  fome  lively  reflections,  which  would 
have  been  not  lefs  important  than  they  are  amufmg,  had  the  premifes  been  well  founded  \ 
but  I  am  perfuaded  that  a  more  careful  repetition  of  the  experiment  wQuld  have  determined 
this  ingenious  obferver  to  felinquifli  a  notion  which  his  high  name'has  made  current  with, 
the  phyfiologiftsof  the  prefent  day- 

In  order  to  obtain  that  information  and  certainty  refpefling  the  fubjeA  which  cannot 
be  had  from  cafual  obfervations,  I  have  repeated  the  experiment  on  a  number  of  infe£is> 
drowned  for  the  purpofe  in  wine  and  other  intoxicating  liquors ;  an  account  of  which 
trials  is  related  in  the  fequel  of  this  letter. 

Experiment  i.  Two  large  blue  flefh  flies  (mufca  vontitoria),  which  had  been  immerfed 
in  a  phial  of  red  wine>  with  a  view  to  this  experiment,  on  the  1 2th  of  July  1793,  were 
expofed  again  to  the  fun  and  air,  on  a  piece  of  black  filk,  in  a  window,  on  the  aoth^f 
Auguft  the  year  following.  In  this  fituation  they  remained  two  days  without  flie^n^ing 
any  figns  of  returning  life  ;.  on  the  contrary,  they  were  found  dry  and  (hrivelled,  though 
their  bodies  appeared  plump  and  in  high  prefervation  when  taken  out  of  the  bcttle.. 

Experiment  a*     I  repeated  the  preceding  experiment  on  a  number  of  flies,  making  ufe 
q{  Maddra  apd  Qtb^'kind«  of  wine,^  .as  W€;U  as.braodf  and  beer  i  4ie.time  of  immerfipn: 
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being  T»*icd  from  two  hours  to  three  or  even  four  days ;  but  the  fame  want  of  fuccefs 
attended  all  thefe  trials ;  for  not  one  fly  which  had  been  rendered  torpid  by  intoxication 
could  be  reftored  to  life. 

Experiment  3.  Flies  which  were  taken  out  of  the  wine  two  or  three  minutes  after  they 
ceafed  to  (hew  indications  of  life,  recovered»  not  only  when  expofed  to  the  fun,  but  alfo 
when  placed  in  a  temperature  kept  high  by  means  of  the  human  breath  for  the  fpace  of 
fix  or  eight  minutes. 

The  two  fir  ft  experiments  taken  in  conjunftion  with  the  laft  feem  to  infinuate,  that  the 
do£ior  was  deceived  in  fuppofing  his  flies  to  have  been  imported  from  America  ;  for  the 
<agernefs  with  which  thefe  infe£ls  repair  to  vefTels  containing  fpiituous  and  fermented 
liquorSi  makes  it  much  more  probable,  that  they  were  attra£led  by  the  fmell  of  the  wine 
into  the  funnel,  from  which  they  were  extricated  in  a  little  time,  but  not  before  one  of  the 
two  had  been  too  long  immerfed  to  recover;  and  unlefs  fome  circumftances  of  importance 
bave  been  overlooked  in  the  preceding  attempts,  flics  made  infcnfible  by  vinous  fpirit  are 
^ubjeded  to  the  fame  law  of  fufpended  animation  which  determines  the  fate  of  animals 
'drowned  in  water. 

I  will  even  venture  to  advance  a  more  deciGve  propofition  on  this  head,  in  pronouncing 
alkohol  highly  pernicious  to  the  living  principle  in  infe£ts,  which  it  deftrdys  with  certainty, 
but  not  with  equal  expedition  in  every  kind  ;  for,  if  the  effeds  of  this  fluid  on  thefe  diiiii« 
«utive  animals  be  compared  with  the  injuries  they  experience  in  the  air-pump,  intoxication 
will  appear  to  kill  them  in  a  much  fliorter  time  than  the  abfence  of  oxygen.  Dr.  Derham 
found,  that  feveral  infefts,  which  he  fpecifies,  revived  on  the  re-adniiflSon  of  the  air,  after 
remaining  torpid,  in  fome  inftances,  as  long  as  16  hours  in  an  exhaufted  receiver.  (See 
Phyfico-Theology,  chap,  u  note  F«)  But  life  feems  to  be  extinguilhed  in  a  much  (horter 
yeriod  by  fpirituous  liquors* 

The  foregoing  experiments  being  confined  to  common  flies,  or  thofe  with  one  paii^  of 
wings,  I  thought  it  not  improper  to  extend  the  enquiry  to  a  greater  variety  of  infe£ls,  which 
was  done  accordingly  in  the  courfe  of  the  laft  fummer.  But  thefe  trials  dfcovered  nothing 
remarkable,  except  the  power  of  the  Nut  Weevil  (Curculk  Nucuntj  to  rcfift  the  deftruftive 
cflPefts  of  alkohol  *.  Ihis  conftitutional  fingularity  has  been  noticed  prior  to  the  prefent 
<flray  \  but  unlefs  my  experiments  were  made  under  fome  unfavourable  circumftancesi 
the  property  in  queftion  appears  to  be  exaggerated. 

Experiment  4.  I  immerfed  feveral  maggots  taken  out  of  hazel-nuts  in  brandy :  thefe 
were  afterwards  inclofed  in  frefh  nuts  opened  for  their  reception,  and  placed  in  a  tempe* 
rature  varying  from  70^  to  8o^  The  maggots,  which  had  been  confined  in  fpirit  for  a 
period  not  exceeding  17  hours,  revived  \  but  when  the  time  of  immerCon  was  prolonged  to 
three,  or  even  two  days,  every  attempt  to  reftore  them  i^roved  fruitlefs. 

Having  now  ftated  the  moft  flriking  fa£ls  of  my  experiments  fully,  I  will  clofe  the  fub- 
ItOt  by  forming  the  reft  into  a  table,  exprefljng  the  number  of  infe£ls  of  each  kind  that 
have  been  killed  by  immerfion  in  wine,  brandy,  and  beer.  Thofe  marked  with  an  aftertlk^ 
ht\n%  fuch  as  delight  in  the  (hade,  were  fhut  up  in  perforated  chip  boxes  after  immerfion, 
and  placed  in  a  warm  temperature. 

♦  The  maggot  of  the  filbert  will  remain  torpid,  bot  not  defiroycd,  in  a  phial  of  brandy,  though  bottled  up 
fo  many  wcckf.   (GoocFoii  the  Difeafoof  Frifons,  p,  174.) 

Namt. 
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Name. 

Scantbxus  fimetarius, 
CurcuUones  Nucum  % 
Grylli  domeftici  ^, 
Erucs  Phalenarum, 
Panorpx  communesy   • 
Vcfpa  Tulfraris, 
Apes  mellificae, 
Tipula  oleracea, 
Mufoe  vomitorix, 
Mufcx  carnariae, 
Mufcae  domefticae^ 
Tabani  decutientes» 
Afilus  crabroniforniis, 
Araneae  domefticae  *t 
Onifci  AfdU  ♦, 
Scolopendne  forficatx  *, 
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VIT. 
Varitus  Notices  refpe3ing  xhe  Pra£Hctofth<  Arts  in  Turkey. '—JewtlUi's  FoiL—^lue^  or  Majiict, 
fir  Stoius  and  Metals.— Co/ling  of  MaUeable  Iron.^Filtratian  by  A/cent,  —Butter  treferved' 
vnthout  Salt. — Extemporaneous  Teaji  *, 


T 


H  E  Armenian  jewellers  fet  precious  (tones,  particularly  diamondsi  to  much  advantage^, 
with  a  foil,  which,  under  rofes  or  half  brilliants,  is  remarkably  beautiful,  and  is  not  fubjeA 
tp  tarnifli.  Their  method  is  as  follows :  An  agate  is  cut,  and  highly  poliihed,  of  the  fhape 
defired ;  in  a  block  of  lead  is  formed  a  cavity  of  about  its  own  fize  \  over  this  is  placed  a  bit 
of  tin,  of  the  thicknefs  of  (Irong  brown  paper,  fcraped  bright.  The  agate  is  then  placed  on 
the  tin  over  the  cavity,  and  ftruck  with  a  mallet.  The  beautiful  polifh  the  tin  receives  is 
fcarcely  to  be  imagined.  This  is  in  general  kept  a  fecret,  and  fuch  foils  fell  for  half  and' 
three  quarters  of  a  dollar  each. 

The  jewellers,  who  are  moftly  Armenians,  have  a  curious  method  of  ornamenting  watch« 
cafes  and  nmilar  things,  with  diamonds  and  other  ftones,  by  fimply  glueing  them  on. 

The  itone  is  fet  in  Clver  or  gold,,  and  the  lower  part  of  the  metal  made  flat,  or  to  corre* 
fpond  with  the  part  to  which  it  is  to  be  fixed  ;  it  is  then  warmed  gently^  and  the  glue  ap* 
plied,  which  is  fo  very  ftrong  that  the  parts  neve^  feparate. 

This  glue,  which  may  be  applied  to  many  purpofes,  as  it  will'ftrongly  join  bits  of  glafs  or 
poliflied  (leel,  is  thus  made  : 

Diflblve  five  or  fix  bits  of  maftic  as  large  as  peas,  in  as  much  fpirit  of  wine  as  wilT 
fuffice  to  render  it  liquid  \  in  another  veflel  diflblve  as  much  ifinglafs  (whidi  has  bcctk: 
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previoufl]f  foaken  in  water  till  it  ib  fwollen  and  foft)  in  French  brandy  or  rom,  as  will  make 
two  ounces  by  meafure  of  Rrong  glue,  and  add  two  fmall  bits  of  gum  galbanum  or  ammo* 
niacum,  ^hich  mud  be  rubbed  or  ground  till  they  are  diflblved;  then  mix  the  whole  with 
a  fufiicient  heat  *,  Iweep  it  in  a  phial  (lopt|  and  when  it  is  to  be  ufed  fet  it  in  hot  water^ 


A  remarkable  inftance  occurred  to  my  knowledge  of  an  individual  faft  which  might  hare 
been  of  the  utmoft  ufe  to  fociety,  but  which,  owing  to  the  ftate  of  knowledge  and  government 
in  Turkey,  was  wholly  loft  to  the  world.  An  Arabian  at  Conftantinople  had  difcovcred  the ' 
fecret  of  cafting  iroh,  which,  when  it  came  out  of  the  mould,  was  as  malleable  as  hammered 
iron.  Sortie  of  his  fabrication  was  accidentally  (hewn  to  Mr.  de  Gaffron,  the  Prufliaii  charge 
<i'afFaireS|  and  Mr.  Fraazaroil  (men  of  mineralogical  fcience),  who  were  (truck  with  the 
faft,  and  immediately  inftituted  an  enquiry  for  its  author.  This  man,  whofe  art  in  Chrif- 
tendom  would  have  infured  him  a  fplendid  fortune,  had  died  poor  and  unknown,  and  his 
fecret  had  periflied  with  him !  His  utenfils  were  found,  and  feveral  pieces  of  his  cafting, 
all  perfeflly  malleable.  Mr.  Franzaroli  analyfed  them,  and  found  that  there  was  no  ad- 
mixture of  any  other  metal.  Mr.  de  Gaffron  h;^$  £nce  been  made  (uperintendant  of  the  iron 
manufa£lory  at  Spandau,  where  he  has  in  vain  attempted  to  difcover  the  procefs  of  the 
Arabian^ 


I  have  feen  pra£):ifed  a  method  of  filtering  water  by  afcenfion^  which  is  much  fuperior  to 
our  filtering  ftones  or  other  methods  by  defcent,  in  which  in  time  particles  of  the  ftone  or 
the  finer  {and  make  a  pafiage  along  with  the  water. 

They  make  two  wells  from  five  to  ten  feet,  or  any  depth,  at  a  fmall  diftance,  which"  have 
a  communication  at  bottom.  The  fepar^tion  muft  be  of  clay  well  beaten,  or  of  other  Tub- 
ftances  impervious  to  water.  The  two  wells  are  then  filled  with  fand  and  gravel.  The 
ojjcning  of  that  into  which  the  water  to  be  filtered  is  to  run,  muft  be  fomewhat  higher  thaii 
that  into  which  the  water  is  to  afcend  5  and  this  muft  not  have  fand  quite  up  to  its  brim, 
that  there  may  be  room  for  the  filtered  water,  or  it  may,  by  a  fpout,  run  into  a  veflcl 
placed  for  that  purpofe.  The  greater  the  difference  is  between  the  height  of  the  two  wells, 
the  fafter  the  water  will  filter  ;  but  the  lefs  it  is  the  better,  provided  a  fufiicient  quantity 
of  water  h€  fupplied  by  it. 

This  may  be  praftifed  in  a  caflc,  tub,  jar,  or  other  vefTel.  The  water  may  be  conveyed 
to  the  bottom  by  a  pipe,  the  lower  end  having  a  fpunge  in  it,  or  the  pipe  may  be  filled  with 
coarfe  fand. 

It  is  evident  that  all  fuch  particles,  which  by  their  gravity  are  carried  down  by  filtration 
by  defcent,  will  not  rife  with  the  water  in  filtration  by  afcenfion.  This  might  be  praftifed 
on  board  (hips  at  little  expence. 


The  butter  which  is  moftly  ufed  in  Conftantinople  fcomes  from  the  Crim  and  the  Kuban. 
They  do  not  fait  it,  but  melt  it  in  large  copper  pans  over  a  very  flow  fire,  ami  fcum  ofi^  what 
rifes4  it  will  thcp  preferve  fwect  a  long  time  if  the  butter  was  frefli  when  it  was  melted. 
We  preferve  butter  moflly  by  faking.  1  have  had  butter  which,  when  frefli,  was  melted  and 
fcummed  in  the  Tartan  manner,  and  then  faltcd  in  our  manner^  which  kept  two  years 

good 
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p>od  and  finetatled.  Walliing  does  not  fo  cffcflually  free  butter  from  the  curd  and  butter- 
milk, which  it  is  neceflary  to  do  in  order  to  prefcrvc  it,  as  buifin^  or  melting  ;  when  tlicn 
fait  is  added  to  prevent  the  pure  butjrous  part  from  growing  rancidj  wc  certainly  have  the 
bed  pToci:fs  for  prcferving  butter.  The  melting  or  bailing,  if  done  with  care,  does  not 
dlTi^olour  or  injure  the  tulle. 


The  prefervation  of  ycaft  having  been  a  fubjefl  of  much  rcfcarch  in  this  country,  the 
following  particulars  may  psn-haps  defcrve  attention  ; — On  the  coafl  of  Perfia  mjr  bread 
was  made,  in  the  Englilh  manner,  of  good  wheat  flower,  and  wiih  the  ycaft  generaily  ufcd 
there.  It  is  thus  prepared :  Take  a  fniall  lea- cup  or  wine-gUfs  full  of  fplit  or  bruiftd 
pcafe,  pour  on  it  a  pint  of  boiling  water,  and  fct  the  whold  in  a  vclTcl  all  night  on  the 
health,  or  any  other  warm  pbcc  ;  the  water  will  have  a  froth  on  its  (op  next  morning, 
and  will  be  good  yeaft.  In  this  cold  chmate,  efpecially  at  a  cold  fcafon,  it  fliould  fland 
longer  to  ferment,  pcihaps  twenty-four  or  forty. eight  hours.  1  he  above  quantity  made 
me  as  much  bread  as  twp  lixpenny  loaves,   the  quality  of  which  was  very  good  and  very 

jight. 
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V_/N  the  18th  of  January  1798,  Dangos  obferved  a  black,  round,  and  well  terminated 
body,  which  croflcd  the  difV  of  the  fun.  The  time  of  its  partagc  laftcd  20  minutes.  He 
thinks  it  could  be  nothing  but  a  comet.  He  recoUeAi  having  obferved  a  fimllar  phenome- 
non in  1784. 

Lalande  remarks,  that  Mercury  and  Venus  have  been  well  obferved  crolTing  the  folar 
difk  in  the  form  of  black  fpots ;  but  that  comets  had  never  been  in  that  fituation  *, 

•  Tliis  noilcc,  which  ii  taken  from  ihe  J.iumnl  dc  I'hj'fique  for  February  1715,  Icavo  much  to  b*  defirtJ. 
What  tniglit  be  the  diameter  of  the  fpoi ;  whether  it^  courfc  wat  dircA  or  reirograde,  with  itt  inchoation  <• 
the  ecliptic,  or  to  the  folar  axis :  and  particularly  ihc  chord  it  defcrilKd ;  ire  objcfts  ef  en^uir/,  concerning 
which  we  (ball  probably  Icaro  more  in  future,  when  3  fuller  account  (hall  appear.  If  we  idrait  ih»i  it  wa»  ■  - 
comcE,  and,  by  way  of  obiaining  a  rough  notion  or  guefi  of  iti  diftance,  we  fuppofe  it  10  have  defcribcd  a 
whole  diameter  of  the  fun,  we  fliall,  from  the  time  and  the  angular  fpacc,  deduce,  that  it  wac  about  feverity 
limes  nearer  the  fun  than  our  planet.  This,  on  ihe  fuppofition  of  it«  being  near  the  perihelion,  winch  how. 
ever  i*  mere  ruppoCtion,  would  r?nk  ii  among  chitfe  comeit  which  approach  the  nearcft  to  that  luminary.  (See 
a  Table  of  the  elcmenis  of  a  conlidenblc  number  of  cooieta  ia  Pingrc'i  Con.ctographie,  nhich  it  copied  into 
Uuliou'i  DIftionary,  article  Comet.) 

If  we  confidcr  how  very  feldom  the  inferior  plancH,  Venus  and  Mercury,  croff  the  Tud,  notwithHunJing 
their  fliort  periodi.  and  the  little  inclitudon  of  iheir  orbitj,  it  wjll  be  lefs  furprifing  that  the  comets,  (houfh 
very  numerous,  fcould  not  often  be  fouoJ  together  with  the  earth  in  the  line  of  their  nodei;  or  that  u 
uiiforcfecn  event,  of  fuch  Ihoit  duration,  Ihculd  furcely  ever  meet  the  eye  of  the  aflronomer.    N. 
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Jiml^u  of  the  J^tian 
IX. 


'   or  Bfryl. 


AfMlr^i  of  thf  ^qit/t-fmrine  or  Beryl.-    and  the  Di/covtry  of  a   new  Earth  in  that  Sknt. 

Read  h-ftrt  th  French  Natioftat  Injiiuitt  a6  Pluvio/e,    hi  the  Tear  VI.    (luk  14.    1758.) 

£^  CiliztH  VaU^EUN  *. 
Seaien  I.     JntreduSum, 

X  il  E  nnalylts  of  minerals  is  one  of  thofe  operations  which  are  ufually  confidered  to  be 
nf  liulc  import.incc,  and  arc  fubmiltcd,  hj  chcmlfts  of  the  firft  otdcr,  as  unwuiihy  of 
their  eaie,  to  the  m:inipuhtioii  of  their  pupila. 

I  am  welt  aware  that  the  greater  iiuniber  of  analyfcs  afford  refults  of  little  import- 
ance, wUich  do  not  repay  liie  labour  and  the  time  beftowed  in  obtaining  ihcni.  I  am 
likcwife  aware  that  tlicy  do  not  ofl'er  fo  brilliant  a  profpcift,  nor  promife  to  aiford 
rfefulis  cf  fo  general  a  nature,  as  the  plan  of  operation  which  has  been  formed  with  regard 
to  kmc  of  ilie  moll  important  points  in  chemiRry.  But  I  am  iioi,  from  thefe  reafons,  of 
oi>)nion,  that  this  clafs  of  proccfles,  which  has  likewife  its  difficuhiet,  and  retjulies,  for 
its  fuecefsful  condufl,  a  certain  feries  of  reafoning,  and  particularly  an  exafl  knowledge 
of  lh«  bodies  deCtiibed  j— I  am  not  of  opinion  thit  it  is  fo  little  entitled  10  engage  the  atten- 
tion ol'  philofophica!  chcmifts.  For  ihcy  mud  recoiled,  that  it  has  afforded  thcni  the  folid 
foundation  of  their  thcoiies,  and  new  objei^s  for  the  escrcife  uf  their  abilities.  ,. 

From  a  diftcgard  of  this  kind  it  was  that  Dergmann,  whofc  aflive  mind  could  not  fub- 
mit  to  the  details  of  experiment,  has  committed  fo  many  faults,  by  truiling  his  operations 
to  young  pupils,  who  had  not  acquired  the  habit  of  diilinguiQiing  new  fubllaiices  from  thofe 
which  were  already  known. 

The  analyGs  of  the  beryl,  already  made  by  Bindheim,  will  be  a  proof  of  what  I  here 
advance.     It  is  compofi;d,  according  to  him,  of  filejc  64,  alumine  27,  lime  B,  and  iron  2- 

Citizen  Haoy  having  found  a  perfeit  agreement  between  the  ftructure,  hardhefs,  and 
weight  of  the  beryl  and  the  emerald,  engaged  mc,  fome  months  ago,  to  compare  thcfc 
two  (lones  by  chemical  means  alfo,  in  order  to  know  whether  they  were  compofcd  of  the 
fame  principles  in  fimilar  proportions. 

The  moft  inlercfting  circumftance  to  the  Inftiiulc  in  this  refult  being  2,  new  earth* 
which  1  have  difcovered  in  the  beryl,  I  fhall  pafs  llightly  over  the  other  objcilSf  and  dwell 
jnore  particularly  oa  lis  diltioi^ivc  properties. 

SeaioH  II.     The  Method  ef  Analjfu 

Experiment  I.  One  hundred  parts  of  beryl  reduced  to  fine  powder  were  ful«d  with 
300  paits  of  caudtc  potafh;  the  mafs,  after  cooling,  was  diffufed  in  water,  and  treated 
with  the  muriatic  acid  :  by  this  means  the  folution  was  completed. 

The  muriatic  folution  was  cvapornted  10  drynefs  ;  tow.irds  tlie  end  of  the  cvaporatiott 
the  fluid  a0iinied  the  form  of  a  jelly  :lhe  dried  matter  was  then  diffufed  in  a  large  quantity  of 
water.  Part  of  the  matter  was  diiTolved  ;  but  a  white,  granulated  tranfparent  powder  re- 
gained. This  fubftance,  coUefted  on  a  filter,  waflicd  with  much  water,  and  dried  bj 
^Ition,  weighed  69  parts.     It  had  all  the  properties  of  files. 


■  Arnialei  de  ChimJe,  jisvi.  155. 
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Eif/riment  J.  The  fluiil  Tcparated  from  tlic  /ilex  was  prccipitateJ  by  the  wrbonatc  of 
poulh  of  commerce ;  tie  precipitate  collcttcd  and  drained  was  treated  with  a  fohition  of 
caudic  poiaQ).  Tht  greatefl  part  of  ihc  maiter  was  diffolvcd  t  but  there  remainttl  a  cer- 
lain  quanlicjr  of  earfli  whidi  was  not  iiLeii  up.  Tiiis  being  ftparated,  wafhcd,  and  drisd 
I,  lyi  ignilion,  «■«  of  abtow*  gieyith  colour}  it  weighed  nine  parts.  In  thefe  nine  parts  it 
is  that  onr  n£w  eatJi  ts  contained.  We  Ihall  f]»calc  of  i[  again  in  the  fubfequent  part  of 
this  Mctnoir. 

Exptrwieiit  ^.  The  allinline  folutioti  of  ihe  foregoing  experiment  was  fuper-faturatcd 
wicli  muriatic  acid,  unii!  a  pcrfefl  filiation  todt  place,  and  this  was  again  precipitated  by 
the  carbonate  of  poiaDi  of  commcice :  the  depofition,  wafhcd  and  dried  by  a  red  hc^tTi 
weighed  21  parts. 

This  fubftance  appeared  to  mc  at  that  time  to  be  pure  alumine.  We  fball  fee  what 
«)nclufion  ougbt  to  be  made,  after  examining  the  properiic&  of  tbc  new  cirth  uhjch  I 
hare  announced. 

Esprrlment  4.  The  nine  parts  in  ExpcrhnetK  a.  remaining  after  i]ic  aflioa  of  the  potafli, 
snd  in  which  I  announced  the  exigence  of  a  new  earth,  were  diflblvcd  in  the  nitric  acid  j 
the  faluiion  was  evaporated  to  drynefs,  and  the  rcfiduc  again  diiTolved  in  water.  The  fo- 
lution  of  this  fubftance  having  aflumcd  a  reddifli  yellow  colour,  which  indicated  the  prc- 
fencc  of  iron,  a  folutlon  of  the  hydro-fulphuret  of  potafli  was  mixed  with  it }  a  black  volu- 
minous precipitate  was  formed  ;  the  fluid  was  heated  in  order  to  favour  the  uniua  of  the 
parts,  after  which  the  fluid  was  decanted  clear  and  colourlcfs.  The  black  precipitate  by 
calcination  became  of  a  ted  brown  colour,  and  weighed  one  part.  'VMicn  difTolvcd  in  ths 
muriatic  acid,  and  the  folution  evaporated  to  drynefs,  it  afforded  a  beautiful  blue  when  an 
atom  of  the  matter  was  thrown  into  a  fcdutioa  of  the  PruiEate  of  potafh  :  it  was  therefore 
the  oxide  of  iron. 

The  fluid  from  which  this  oxide  had  been  fepatated  was  again  evaporated  to  drynefs  1 
ond  though  at  fiift  it  had  no  colour,  it  ncverthelefs  became  red  towards  the  end  of  the  pro- 
cefs,  and  the  rcfiduc  preferved  that  colour.  This  refidue  having  been  left  for  24  hours  in 
a  capfule,  became  reduced  into  a  kind  of  gelatinous  fluid,  of  a  yellowilh  red  colour :  cold 
water  poured  tliereon  difTolvcd  the  whoie  mafs;  but  the  folution  was  red  and  turbid:  by 
CKpofure  on  the  heated  fand-bath,  red  flocks  were  feparated,  and  the  fluid  became  as  clear 
ns  water.  Thefe  fiocks,  carefully  feparated,  wafhcd  and  dried,  weighed  half  a  part :  It 
was  alfo  the  oxide  of  iron  ;  which,  with  the  part  before  obtained  by  means  of  the  hydro> 
fulphuret  of  potafh,  makes  one  part  and  a  half  of  that  fubftance. 

ExptrinuHt  5.  The  earth  being  thus  perfeAly  deprived  of  the  Oklde  of  iron,  I  feparated 
it  from  the  nitric  acid  by  means  of  the  commtm  carbonate  of  poialh  j  and  I  obtained  ij 
parts  of  a  white  earth,  foft  beneath  the  fingers,  and  Ibluble  in  acids  with  ciTervefccnce.. 

We  fee  that  this  earth,  in  its  fcparation  from  the  nitrie  acid,  did  abforb  four  parts  and  « 
half  of  carbonic  acid  i  fin<%  out  of  nine  which  were  fubjeAed  to  experiment,  one  and  2 
h^ii  of  the  oxide  of  iron  were  obtained  j  wliith  leaves  Ji5  for  the  cailli  contained  in  the 
<  2  f  MTts  of  carbonate  laH  precipitated. 
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SeJJhn  111.     Exp^ftmn  of  the  Tropert'ies  of  the  neia  EaTth  ecnfaimJ  in  tike  Beryl, 

Experiment  1.  The  12  parts  of  earlh  uniied  with  carbonic  acid,  as  before  mentioned, 
were  put  into  fulphoric  acid,  which  dilToWed  them  eompletel]r  witl^  cffcrvefcence.  The 
Iblotion  had  a  very  faccharinc  taftc  at  firft,  and  attriiigeiit  at  laft.  The  folution  left  till 
the  following  day  afforded  irregular  cryAaU,  very  folid  and  faccbaxiiie  like  the  folution 
which  afibrded  them. 

Experiment  1.  Thcfc  cryflals  were  again  diflblved  in  water ;  the  folniion  mixed  with  ful- 
phatc  of  potafli  did  noi  afford  alum  either  immediately  nor  by  evaporation,  as  happens  hi 
die  alutiilne  when  combined  with  the  fulphuric  acid.  Each  of  thcfc  fahs  cryftaUizes  fe- 
paracely,  without  contraifling  any  union. 

I  repeated  this  operation  five  times  in  fueceffion,  with  different  dofcs  of  fulphatc  of  pot. 
alh,  without  obtaining  more  fuccefs  than  at  firft.  At  laft,  to  convince  myfclf  of  the  differ* 
tnce  between  this  earth  and  alumine,  I  took  equal  quantities  of  the  one  and  the  other  \ 
and  after  having  diffolved  them  in  the  fulphuric  acid,  I  mixed  them  with  like  quantities  of 
fulphate  of  potafh.  I  conftantly  obtained  oflahedral  alum  with  the  alumine  j  but  the 
earth  of  the  beryl  afforded  only  an  irregular  fait. 

Thefe  differences  firft  difeovcrcd  between  the  two  earths,  induced  me  to  fcek  for  Others. 
by  comparing  them  in  a  greater  itombec  of  points. 

Semen  IF.    Comparifin  cf  the  Properties  of  the  Earth  of  Beryl  vaith  tUft  of  Alaminr, 

Experiment  I.  For  this  purpofe)  I  feparatcly  diffolved  equal  quantities  of  alumine  and  at 
ihe  earth  of  beryl  in  nitric  acid,  to  perfcfl  faturation. 

The  fait  which  aiofe  from  the  combination  of  the  earth  of  beryl  with  the  nitric  acid,  diit 
rot  appear  fufceptible  of  cryftallizailon -,  it  ftrongly  retains   moifturc;  by  dcficcation  it  ' 
becomes  converted  into  a  kind  of  du£lile  palte,  which,  when  expofed  to  the  air,  powers 
fully  attracts  moiflurc.     Its  taftc  is  at  firft  very  fwcet,  and  afterwards  aftringent. 

Enperimentl.  The  nitrate-of  alumine  Ukcwife  cryftallizes  with  confiderable  dilEcuIty  j 
but  it  does  not  attrad  moifture  fo  ftrongly.  Its  tafte  is  not  faccharinc,  like  that  of  the 
nitrate  formed  with  the  earth  of  beryl. 

I  made  the  following  comparative  cfliys  of  the  folutions  of  thefe  two  falts,  uGiig  equal 
quantities  of  each. 

J.  The  nitrate  of  alumine,  mixed  with  a  folution  of  nut-galls  in  alcohol,  afforded  no  pre- 
eipitate.  The  fluid  fimply  acquired  a  flight  greenifti  colour,  and  loft  fomewhat  of  iti 
tranfparence  ;  however,  at  the  expiration  of  fome  hours,  the  fluid,  having  been  diluted 
with  water,  let  fall  a  grcylfh  precipitate. — Z.  The  fait  of  the  earth  of  beryl»  mi«cd  with 
the  fame  re-agent,  immediately  afforded  a  t'epofiiion  in  flocks  of  a  yellow  brown  colour. 

3,  The  nitrate  of  alumine,  mixed  with  the  oxalate  of  potafli,  immediately  a&rded  3  pre* 
c'lpitatc  in  the  form  of  very  ahundant  white  flocks,  which  fubfided  to  the  lower  part  of  the 
fcffel,  and  left  the  fu  peri  or  fluid  petfeflly  clear.— 4.  The  fait  of  the  earth  of  beryl,  with; 
the  fame  rc-agcnt,  did  not  afford  the  flightcft  appearance  of  a  precipitate,  cycn  after  feve- 
n!  dvya> 

y.  The 
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ii\>;d  wiih  tartrite  of  potafh,  immediately  formed  a  Jepofi- 
i.ini  l;<juor  btcame  clear  and  colouriefs. — 6.  The  fait  of  iho 
■  ^gcnt,  did  not  produce  any  fign  of  precipitation  after  fevc- 


;.  Tlie  nitrate  of  alun'.inc, 
lion  in  flocks,  and  the  fuper-Ti; 
carili  of  beryl,  with  the  fame  n 
ral  days. 

7.  The  nitrate  of  alumine,  mixed  with  a  folution  of  the  phofphate  of  foda,  afforded  a 
gelatinous  femitranfparcnt  precipitate,  which  fubfiJed  very  flowly.— 8.  The  fait  of  the 
carih  of  beryl  alfo  formed  a  precipitate  with  the  fame  rc-ajjent  i  but  it  was  Icfs  gelatinoust 
and  tefa  tTanfpareni,  and  it  alfo  fell  down  more  fpeedily, 

9.  The  nitrate  of  alumine,  mixed  with  very  pure  PruITiate  of  potaft),  Inftantly  affomled  1 
very  abundant  whitifh  precipitate,  which  became  green  at  the  end  of  a  few  hours. — 10.. 
The  fait  of  the  earth  of  beryl,  with  the  fame  re-agent,  afforded  110  precipitate,  even  after 
fcveral  days. 

1 1.  The  nitrate  of  alumine,  mixed  with  a  faturatcd  foltition  of  potaOi,  afforded  a  gelati- 
nous magma,  which  was  femi-tranfparent,  and  foon  became  filled  with  numerous  bubbles 
of  gas,  which  raifeJ  it  to  the  upper  part  of  the  fluid. — 12.  The  fait  of  the  earth  of  beryl, 
mixed  with  the  fame  re-agent,  alTorded  a  precipitate  in  flocki,  which  was  not  filled  with- 
bubbles  like  the  foregoing,  and  which  fell  10  the  bottom  of  the  liquid.. 

13.  The  nitrate  of  alumine,  mixed  with  a  foluiioa  of  cautiic  potafh,  at  firft  afforded  a. 
gelatinout  depofition,  which  was  afterwards  taken  up  by  the  cxeefs  of  alkali. — 14.  The  fait 
of  the  earth  of  beryl,  treated  with  the  fame  re-agent,  was  affeded  in  the  fame  manner,  ex- 
cepting only  that  a  larger  quantity  of  alkali  was  required  for  the  fecond  folution. 

J  5.  The  nitrate  of  alumine,  mixed  with  a  foluilon  of  carbonate  of  ammoniac,  formed  a 
precipitate  which  was  not  rc-diflblved  by  an  cxcefa  of  alkali. — j6.  The  fait  of  the  earth  of 
beryl,  mixed  with  the  fame  K-agciit>  afforded  a  precipitate  which  was  entirely  re-diffolved 
by  an  excefs  of  alkali. 

We  fee  by  moll  of  thcfe  experiments,  that  the  earth,  of  beryl  effentially  A\^rz  from  alu- 
mine, wluch  liowever  it  rcfembles  much  more  than  any  Other  earth,  and  with  which  it  canj 
even  be  eafily  confounded  in  certain  refpe£ls. 

But  the  experiment  which  induced  me  to  fix  my  opinion  iirevocably  with  refpefl  to  thi» 
earth,  was  that  which  fliewed  the  comparative  degreeof  attratlLonof  the  two  earths  for  ihc 
fame  acid. 

To  acquire  this  knowledge,  I  dilTolved  in  the  nitric  aciJ  twelve  parts  of  very  pure  alu- 
mine, and  evaporated  to  drynefs,  in  order  to  expel  the  futplus  of  acid  which  was  in  the 
fluid.  The  refidue  being  diflblvedin  water,  I  added  10  the  folution  ten  parts  of  the  earth 
of  beryl,  recently  precipitated  from  its  folvent,  well  wafhed,  and  ftil!  moift. 

I  added  no  more  than  ten  parts  of  the  earth  of  beryl,  to  precipitate  the  twelve  parts  o£ 
alumine,  though  1  had  afcertaincd,  by  other  experiments,  that  a  fomewhai  greater  quantity, 
of  the  earth  of  beryl  than  of  alumine  wa?  ncceffary  to  faturate  the  fame  quantity  of  acid  ; 
but  I  chofe  rather  that  a  fmall  quantity  of  alumine  fiiould  remain  in  folution,  than  that 
any  portion  of  ihe  earth  of  beryl  ihould  mix  with  the  precipitate.  When  therefore  the 
mixture  had  thus  been  made,  I  boiled  the  fluid  for  a  quarter  of  an  hour,  then  filtered  it,  and 
retained  on  the  filter  the  earthy  precipitate.  After  wafliing  this,  I  combined  it  with  the  fbl- 
phuriG  acid,  and  cvapotatcd  to  drynefs,  in  order  to  expel  the  cicefs  of  acid ;  after  which^ 
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tBblving  it  in  water,  I  added  a  few  drops  of  fulpkale  of  pot-aQi  to  the  folution,  and  ob- 
ttincd  o£lAhcdral  cryflaU  of  alum. 

Now  it  is  evitVnt  that  the  earth  of  bcrvl  has  more  affinity  with  the  nitric  acitl  llian  alu* 
mine  has,  and  confcqucmly  that  it  'n  not  ilic  fame  earth.  If  the  einh  of  beryl  be  not  alu- 
mine,  (here  is  much  greater  resfon  to  decide,  that  it  is  not  one  of  the  otiicr  known  earths  i 
for  it  diners  much  more  from  iheni  ihiii  fiom  alumlnc.  I  iJivreforc  conlide'  this  earth  as  a 
new  fubllatice,  different  from  all  thofc  \rc  arc  yet  acquainted  with.  It  is  true,  that  it  io 
fomc  meafure  rcfemblcs  alumlnc,  namely,  in  its  foftncfs  to  ibe  touch,  its  adhefioQ  to  the 
tongue,  its  levity,  its  fulubilicy  in  pot-a(h,  and  its  prcci{)ttjtion  from  its  foiutions  by 
nmmoniac.  Bui  it  differs  from  alumine  in  it*  other  proiiertics.  Its  combinations  with 
ocifls  have  a  very  ficchsrioc  laftc ;  it  bas  a  ftrongcr  ailiiiiEy  with  thofc  folrents ;  it  does  not 
nfford  alum  with  the  fulphuric  acid  and  potafh  ;  h  is  totally  folubic  in  carbonate  of  ammo- 
nbc  (  and  laftly,  ii  is  not,  like  altunine,  preeipit.ible  frotn  its  foIuiion»  by  the  oi^late  and 
the  tartrite  of  pot-afh. 

This  entih  being  foluMc  in  caullic  pot-afii,  like  alumine,  we  can  no  longtr  traft  to  thi» 
fimpte  cbsrafler  to  afccrtain  the  prcfence  of  the  latitr  earth  j  for  it  may  happen  that  the 
earth  of  bcry!  fhouldbe  taken  for  alumir.e,  or  a  miiturc  of  bodi  for  one  or  ilic  other  of 
flicfcpure  earths,  h  will  ihcrcfore  be  necciTary,  whenever  an  earth  foluhl-  in  pot-ath  is 
found,  to  endeavour  to  convert  it  into  alum  by  the  known  methods.  If  it  do  not  afibrd 
alum,  it  may  be  certainly  concluded  that  it  is  not  alumine.  But  it  may  pul&bly  afford 
«Ium,  and  oevcrtlielefs  contain  the  earth  of  beryl  j  a  mother  water  will  then  remain,  in 
which  this  lad  earth  will  be  fufpendcd. 

To  fcparate  the  fraail  quantity  of  alum,  which  Itkcwife  remains  in  this  mother  water 
It  will  be  proper  to  decompofe  it  by  a  foluiion  of  the  carbonate  of  ammoniac  added  in  ex* 
<efs  J  by  this  means  alum  will  be  entirely  precipitated,  and  the  earth  of  beryl  will  remain 
*liflblved  in  the  carbonate  of  ammoniac.  This  earth  may  afterwards  be  readily  feparated» 
by  boiling  the  folution  for  a  certain  time.  The  heat  will  drive  off  the  carbonate  of  ammo- 
niac, and  the  earth  will  fall  down  in  the  form  of  a  powder. 

By  comparing  the  refulls  of  the  analyfis  of  the  beryl  with  thofc  which  Klaproth  and  my. 
felf  obtained  from  that  of  the  emerald,  we  might  conclude,  that  thefe  two  ftoncs  arc  very 
different  from  each  other ;  for  I  found  that  the  emerald  was  compofcd  of  64  of  filcx,  zo 
alumine,  2  lime,  between  3  and  4  of  the  oxide  of  chrome  *,  and  1  or  2  of  water  r 
whereas  the  bctyl  is  compofed  of  69  fdex,  21  alumlnc,  8  of  the  peculiar  eatth,  and  li  of 
the  oxide  of  iron. 

But  llnce  that  time  I  have  found  that  the  emerald  likewife  contains  tins  new  earth  i 
whence  it  follows,  that  the  emerald  and  the  beryl  arc  one  and  the  fame  fubltnnce,  diflering 
only  in  their  colouring  matter. 

With  regard  to  the  proportion  in  which  I  have  obtained  this  earth  of  the  beryl,  I  do  not 
give  it  as  ftrifliy  accurate ;  for  it  is  poffible  that  part  may  have  been  difiblved  at  the  fam« 
^me  as  the  alumine  by  the  pot-alh  f . 

•  Tbi»  is  the  metallic  add  dUcovered  in  the  rcd-1^  of  Siberia,  of  which  a  flwiit  auount  w»s  given  ia  our 
Jwraslfll,  145.    The  memoir  M  length,  with  add  itiowlinformation,  will  a^^Ear  in  our  next.     N, 

f  Since  the  above  wa*  ivritien,  I  have  aTcertaintd,  that  iherc  ivas  in  faaacenaih  quaniiiy  of  ihe  eidii  •< 
LvO'l^ulvedby  the  pot-aHi  With  the  alumiiie}  aad  that  inAnd  eft  per  cent,  d»  beryl  contaio)  16. 
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Ihare  not  yet  iTtoaght  it  proper  to  give  a  name  to  this  earth.  T  fiiall  Wait  till  its  pro- 
pertirs  are  better  known  ;  belldcs  which,  I  fhould  be  glad  to  havi;  the  advice  of  my  brother* 
chemiils  on  the  fubje£i  *. 

In  a  fccond  memoir,  I  ftiall  fpeedUy  give  the  mofl  complete  account  in  my  power,  of  ici 
combinations  with  the  acids  and  fome  of  the  combudiblc  bodies  -f. 


D,fcnplhn  >fa 


u'mvttlted  drtached  Efcfiftment  for  Pocld  Walekes, 
By  Mr.  John PrjorX. 


X^  I  G.  I  and  a,  Plate  XV,  rcprefcnt  the  principal  parts  of  the  cfcapcment. 

Fi^.  I.  A  13,  the  pillar-plaic  ;  and  ABE  V,Jig.  a,  is  a  fe£lion  of  the  frame  withoot 
pillars  or  potaiice.  C,  the  cock  fcrewed  to  the  potancc-plaic  at  D.  G,  the  balance,  tlic 
lower  part  of  which  runs  in  the  plate  (but  perhaps  a  potancc  will  be  more  co.ivenitnt  for  it 
in  a  pocket  watch).  H,  the  regulating  fpring,  pinned  fail  in  the  (liid  at  I.  O,  the  fiiftiou 
wheel.  N,  its  arbor,  the  higher  piffot  of  which  runs  in  the  collet  the  balance  is  rivetted  to, 
and  ihe  lower  in  a  collet  fcrewed  faft  on  the  balance-arbor  at  P ;  fo,  when  the  balance 
turns  round,  the  ftii^lion-whcel  is  taken  along  with  it, 

M,  the  intermittent  lever-wheel.  L,  its  arbor.  R,  its  pinion,  in  the  rim  of  which  whec> 
are  put  an  equal  number  of  pins  on  each  (idc.  The  pin*  on  one  iide  of  the  wheel  are  put 
ex.icTly  at  the  middle  diftance  of  thofe  on  the  other  fide. 

T,  the  imcrmittcnt  lever,  fcrewed  fad  to  K,  its  arbor.     Qj3_aTe  its  banking  fcrcws. 

The  lever  is  all  mule  of  one  folid  piece  of  ftccl.  That  end  of  it  next  the  wheel  is  mt 
open  widcenough  to  receive  the  rim,  without  touchipg  cither  fide  of  it,  as  far  as  the  pal- 
lets or  inclined  planes  arc  ;  at  the  end  of  which  it  is  cut  wider,  to  admit  the  pins  of  th» 
wheel.     (See^^-  2,  a  fediion  of  it  as  under  L.) 

The  diftance  from  the  centre  of  the  balance  to  the  extreme  part  of  the  lever,  or  end  of 
the  pallets,  is  divided  in  a  right  line  into  ten  equal  pans,  and  tlie  pivot-hole  of  the  fridlon- 
vheel  is  made  at  the  firft  tenth  divifion  from  the  centre  of  the  balnnce.  'I  here  arc  thirteen 
fcmi-diimctcts  of  the  fri^ion  wheel  from  its  centre  to  the  end  of  the  pallets. 

"When  the  balance  is  at  reft,  then  the  centre  of  the  balance,  the  centre  of  the  friiftion- 
wheel,  and  the  centre  of  the  lever,  will  be  all  in  one  right  line.     (Seej%.  i.) 

The  lever  is  divided  into  three  equal  parts.     The  diftance  from  the  end  of  tlie  pallet:  to 

■  The  molt  charu^nHicpropcrtr  of  diit  earth,  tonfinned  by  the  htcft  cxperlmeon  of  our  colk'gue,  facing 

tliit  \i  roriiii  falit  of  a  facchArlne  laRe,  wv  p^i-ofe  to  cbU  it  Glucinr,  from  >'iiiu>{  fwecti  yKvw  f«ett  wine, 
ji-iatau  tu  render  iivtet.  This dciKimii>atign  will  Ufignificint  enough  10  alllQ  iht  memory  j  ii  iloei  not  denvc 
m  ctymnlrigy  fmm  a  hnh  ito  flriiUy  detcmiiicd  1  neithtr  does  it  prercnt  ideai  Ul{e\j  cxcjulive,  like  tlioft 
names  wliidi  might  be  tjicen  from  the  rafnc  of  ihe  (lone  which  affbrdcil  the  firll  f|jtcinien  of  ihe  new  fnbftioee, 
the  name  of  ihe  fitS  village  where  it  w.ii  met  with,  &c.  &e.  Thefe,  we  appichend.  are  ibe  true  principle!  fee 
the  advancement  of  fckDCc,  aad  facilitating  ita  Uody,  by  meant  of  DomcnclatiiTe.  Note  of  (he  E  imrs  of  tlie 
Annalei, 

+  Cit.  Vauquelia  hs!  publiihcdanappendii  tothli  paper,  ott  the  general  propcrtiM  of  thit  earth,  wTiieh  will 
•ppeatinour  ntn,     N.  ' 

%  Tnnfiflions  of  tlic  Society  for  the  Eacouragemcin  of  Arw,  i;^!-  A  premium  of  thirty  guiuesi  "a* 
{iv(Dto  the  utvcDtor.    N. 
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the  centre  of  motion  of  the  lever,  one  part ;  and  from  the  centre  of  motion  to  the  centre  of 
the  friclion-wheel,  when  the  balance  is  at  rcll,  two  parts :  fo  that,  whatever  ihc  velocity 
may  be  at  the  end  of  the  pallets  when  in  motion,  that  part  of  the  levKf,  or  the  forked  part  of 
it,  nhich  is  oppolite  the  centre  of  motion  of  the  fii£>ion-wheel,  will  he  twice  as  much. 

S  S  reprefcnts  a  fupcrficial  view  of  the  pallets.  The  pallet  below  the  pitlar-pUte  is  taken 
ofFfrom  the  other,  otherwifc  the  place  Of  a^ion  could  not  be  feen  in  the  drawing. 

In  Jig.  I,  we  have  a  view  of  the  lever  befori;  the  machine  is  wound  up  :  a  pin  is  half-way 
down  the  pallet  ;  but  when  the  pin  impels  the  pallet,  the  lever  mc.cs,  and  gives  motion  to 
the  balance,  and  ihc  pin  is  tiifengaged  from  the  pallet  at  the  angle  :  tliai  inllant  a  pin,  on 
the  oppofite  fide  of  the  wheel,  falls  upon  a  circular  p.iri  of  the  end  of  the  other  pallet,  or 
upon  that  part  where  it  and  the  lever  are  entirely  at  reft,  until  the  balance  makes  its  return, 
and  the  friiT ion- wheel  comes  into  the  forked  end  of  the  lever.  Then  the  fri^ion-whecl 
impels  the  lever,  while  the  balance  runs  over  the  fpacc  of  about  one  hundred  degrees. 
Then  the  pin  drops  off  at  the  end  of  the  pallets  as  before,  and  the  balance  is  entirely  left  at 
liberty  ;  at  which  time  its  velocity  is  fo  great,  and  its  motion  fo  cafy,  that  it  turns  once  round 
upon  its  pivots,  and  two  hundred  and  forty  degrees  every  vibiaiion. 

It  is  to  be  obfervcd,  that,  in  the  ends  of  the  fork,  one  part  is  turned  up  and  the  other  down, 
tti  order  they  may  not  both  go  through  one  notch  in  the  balance  arbor ;  for,  by  having  two 
different  parts  cut  away,  the  fork  is  locked  faft  in  every  vibration,  and  is  unlocked  only  by 
the  fritaion-whcel  in  its  return  for  another  vibration. 

Notwithftanding  the  balance  makes  one  turn  and  two  hundred  and  forty  degrees  every 
vibration  around  its  axis,  yet,  when  the  balance  is  at  reft,  and  the  fame  power  applied  to 
it  (which  keeps  it  in  motion  as  above),  the  balance  will  only  move  through  the  fpacc  of 
about  fifteen  degrees,  which  Is  only  tfne  fortieth  part  it  keeps  it  up  to  when  in  motion. 

It  mull  be  allowed,  the  lefa  the  wheels,  or  the  power,  have  to  do  with  the  balance,  the 
more  accurate  the  time  will  be  (licwn  •. 
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Cn   Mr.  CAJlTlftllGtlT'j  hiventioti  for  rendtrmg  the  Pifons  rf  Steam  Eng!nef,  Pumps,  and 

ether  Hydratilic  Apparaiui  tight  by  metallic  Parts,  without  paeiing  or  leathering.    (W.  N.) 

To  Ma.  NICHOLSON, 

SIR,  Richmond,  Ofl.  to.  1798. 

L  HAVE  lately  been  Informed,  that  a  new  method  of  packing  fleam  engines  has  been  in- 
vented by  a  Mr.  Cartwright,  which  is  faid  to  be  particularly  advantageous  in  faving  friilion 
and  rcfiiling  an  heavy  column  of  water  in  pumps.  I  (hali  be  very  glad  to  fee  3  defcriptton 
of  tlie  fame  in  your  Journal,  with  your  opinion  of  its  efTefls,  &c. 

Your  conftant  Reader, 

A.R. 

*  Anifli  will  ptrecivc  that  this  is  an  improvement  of  the  inchrvr  fcapemtntof  Miidge.ofwhkh  ihe  inventor 
0  London.  In  ihi»  the  palleis  exadtlj  refemble  thofc  of  Gralum's  dead  btat  (Philof. 
Jouroal,  11.  51.  ),  and  a  lail  361%  againft  two  planes  in  tlie  aiit  of  ihe  balanci.  Pallets  like  thofe  bf  Mr.  Prioc 
weie  adjpttd  ma  long  pendulum  by  Mr.  Cmfthwaiie  of  Dublin,  in  the  yeariySS,  [Memoifi  of  the  Irilli 
^cad.  v«l,  II.)  ud  Gnce  that  tirac  alf*  by  other  pirfons  in  Londoa.    N. 

THE 


Befcriptton  of  a  neiv  Pijtdn  noith  metallic  Fittings.  jrfc 

THE  contrivance  to  which  my  correfpondent  refers,  is  part  of  a  (team  engine,  for  which 
%  patent  has  been  taken  out.  It  is  generally  undcrftood  that  in  praflicc  it  is  ncccflary  to 
apply  the  packing  clofc  round  the  pifton  of  a  (learn  engine,  in  fuch  a  manner  as  to  makd  it 
•a  ftrongly  againfl:  the  fides  of  the  Cylinder,  which  muft  occafion  a  confidcrable  degree  of 
friction  :  and  when  it  has  worked  loofe,  it  may  be  concluded  that  fome  lofs  of  force  muft 
follow,  from  the  cfcape  of  elaftic  fluid  between  the  furfaccs  intended  to  be  in  contaft.  A 
fimilar  obfervation  may  be  applied  to  the  ufual  leathering  of  pumps,  in  which  the  friftioa 
is  very  great,  and  the  refiflance  to  feverc  prefliire  very  far  from  being  effeiSual.  Early  in  the 
prefcnt  century,  a  contrivance  was  made  by  a  Mr.  Hafkins  to  prevent  friiflion,  by  fubftitut- 
ing  quickfilvcr  inftead  of  leather  ;  which,  for  feveral  ftatical  rcafons,  and  alfo,  as  I  fufpeft, 
from  fome  of  a  chemical  nature,  could  not  be  brought  into  general  ufe.  The  reader  may 
fee  a  very  full  defcriptioA  of  this  engine,  in  Defaguliers's  Courfe  of  Experimental  Philofo- 
phy,  II.  491. 

Mr.  Cartwright's  invention  confifts  in  ufmg  folid  maflcs  of  metal  inftead  of  the  packing 
or  leathering  ;  which,  by  means  of  fprings,  adapt  themfclves  to  the  variations  of  diameter  in 
the  cylinder,  and,  by  their  mode  of  application  above  each  other,  arc  expeftcd  to  prevent 
that  efcape  of  fluid  which  would  elfe  take  place  through  the  intervals  between  the  feveral 
pieces.     Imagine  the  pifton  to  confift  of  a  circular  plat;c  of  metal,  nearly  equal  in  diameter 
to  the  cylinder  in  which  it  is  to  move.     It  will  make  no  difierence  in  the  general  confide- 
ration  of  our  fubjefl,  whether  this  pifton  have  a  valve  in  it  or  not.     Upon  the  upper  furface 
of  this  pifton  are  laid  three  or  more  pieces  of  metal,  which  all  together  compofe  a  flat  cir« 
cular  ring  ;  the  ends  of  the  feveral  pieces  nearly  touching  each  otlier.     A  very  moderate 
portion  of  mechanical  knowledge  will  fuggeft  the  manner  in  which  thefe  pieces  might  be 
made  to  recede  outwards,  by  means  of  fprings  5  fo  as  to  occupy  the  circumference  of  a  greater 
circle  externally,  than  that  to  which  they  would  nearly  correfpond  when  regularly  preiled 
inwards.    If  the  pifton  in  this  fituation  be  plaeed  in  its  cylinder,  it  is  evident,   that  tSc 
pieces  compofing  the  ring  will  be  forced  againft  the  concavity ;  which,  if  of  the  proper  cur- 
vature, they  will  fit,  and  prevent  any  fluid  from  parting  through,  except  at  the  intcrfticcs, 
where  the  ring  is  rendered  incomplete  by  being  divided  into  parts.     To  remedy  this,  a 
fecond  ring  is  laid  upon  the  firft,  with  Its  joints  half-way  between  the  joints  of  the  former^ 
in  the  fame  manner  as  we  every  day  obferve  in  courfcs  of  brick-work.     This  fecond  ring, 
being  urged  outwards  like  the  firft,  performs  the  fame  {\xxi6t\or\ ;  but  any  fluid  that  maj 
pafs  downwards  through  the  interfticcs  of  the  upper  ring,  will  be  ftopped  by  the  conti*  - 
guous  parts  of  the  lower  ;  and,  on  the  contrary,  whatever  fluid  may  pafs  upwards  through 
the  interftices  of  the  lower  ring  will,  for  the  fame  reafon,  be  ftopped  by  the  upper. 

From  this  defcription  it  is  fufficicntly  clear,  that  Mr.  Cartwright  is  entitled  to  much  • 
praife  for  the  ingenuity  and  acutenef&difplayed  in  his  c6ntrivance.     The  prad>ical  value 
of  that  contrivance,  refpe£ling  which  I  am  rcqucftcd  to  ftate  the  faAs,  will  probably  be  af- 
certained  from  the  following  con Gdcrations : 

In  the  ufual  ftuffing  or  leathering,  the  elafticity  of  the  organized  matter  made  ufe  of  it 
fuppofed  to  aft,  in  each  individual  partjfo  far  independently,  that,  if  there  be  an  irregularity 
in  the  cylinder  by  variation  of  its  curvature  or  magnitude,  this  irregularity  will  be  followed 
up  and  fitted  by  the  elaftic  material.  But  Mr.  Cartwright's  metallic  packing  poflefting  a 
determinate  curvature,  will  fit  only  when  the  zone  with  which  it  is  in  contafl  poflefTes  the 
VoL.lI.— Nov.  1798.  3B  (amc 
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fj^me.  curvature.  If  his  pifton  be  prefled  into  a  fmaller  cylinder  than  correfponds  with  the 
a£lual  circle  his  pieces  arc  adapted  to  form,  thofe  pieces  will  be  prefled  in^  and  will  touch 
only  at  their  extremities  ;  fo  that  every  joint  will  be  immediately  over  a  place  where  the 
eppofite  ring  does  not  in  fafl  touch  the  cylinder :  it  will  therefore^  in  this  cafe,  leak  prin-^ 
cipally  at  the  joints.  And,  on  the  contrary,  if  his  pifton  be  prefled  into  a  larger  cylinder 
than  correfponds  with  the  circle  of  the  rings,  each  portion  of  thofe  rings  will  touch  the 
cylinder  in  one  point  only.  The  moft  favourable  point  will  be  at  the  half-way  between  the 
extremities  of  each  piece.  In  this  pofition  the  joints  indeed  will  not  leak,  but  every  other 
part  of  the  circumference  will  \  and  the  places  of  the  moft  open  paflage  will  be  at  thofe 
points  of  the  circumferen<;e  which  are  equidiftant  between  joint  and  joint.  The(e  confide- 
rations  relate  to  perfe£l  circles ;  but  if  we  attend  to  fmaller  irregularities,  whether  convex* 
ities^ or  concavities  in  the  cylinder,  it  appears  evident,  that  the  fegments  of  tl>e  rings  being 
inflexible  will  ftiU  lefs  cfTeftually  adapt  themfelvesto  fuch  imperfections. 
^  Thcfe  objections,  relating  to  the  figure  of  the  periphery  of  this  metallic  pifton,  are  of 
▼ery  ferious  import :  thofe  which  relate  to  its  action  are  fcarcely  lefs  fo.  The  furfaces  of 
tbe  rings  thus  laid  upon  the  pifton  and  upon  each  other,  together  with  the  furface  of  the 
piece  which  confines  them  from  rifing,  muft  all  be  very  well  adapted  to  each  other ;  and 
tke  number  of  fquare  inches  of  this  furface  muft,  in  the  nature  of  the  contrivance,  be  con-« 
iiderable  enough  to  afibrd  much  fri£tion.  It  may  reafonably  be  doubted  whether  thefe 
piccea,  in  the  rapidity  of  afcest  and  defcent,  can  obey  the  aAion  of  the  fprings  during  the 
very  (hort  times  in  which  the  pieces  are  oppofed  to  the  irregularities  they  are  meant  to 
remedy.  But  when  a  great  preflure,  fuch,  for  example)  as  the  readlion  of  a  column  of 
liOO  fibet  of  water,  comet  to  be  exerted  upon  the  face  of  this  apparatus,  the  plates  or  piecea 
c^  thefe  rings  may  be  imagined  to  be  confined  in  a  vice.  The  preflTure  of  fuch  a  column  will 
amount  to  more  thao  40  pounds  upon  every  fquare  inch.  Whence  we  may  conclude^ 
either  that  they  would  not  move  at  all,  or  that  the  force  of  the  fprings  muft  be  fuch  aa 
greatly  to  load  the  work  with  friCiion,  and  damage  the  apparatus  by  fpeedy  wear* 

Laftly,  it  feems  to  be  a  queftion  or  doubt,  which  well  deferves  to  be  refolved  by  further 
experiment,  whether,  in  any  cafe  of  reiterated  or  long  continued  aCiion,  the  fofter  metala 
can  be  made  to  work  in  contaC):  with  each  other,  in  the  way  of  clofe  fitting,  with  as  little 
refiftance  and  wear  as  when  an  organifed  fubftance  containing  oil  or  fat  is  interpofed* 

When  one  individual  fpeaks  to  the  world  concerning  the  works  of  another,  the  tranf<» 
a£tion  is  naturally  accompanied  with  a  fenfe  of  peifonality.  As  this  fenfe  ought  not  ta 
lead  men  into  unworthy  adions,  fo,  on  the  other  hand,  it  ought  not  to  prevent  their,  ful- 
filling any  duty  which  may  call  upon  them.  Convinced  that  no  vindication  or  apology  ia. 
neceflTary  in  defence  of  a  fcientific  examination  of  every  objeCi  which  is  oflTered  to  the 
public  acceptance,  I  have  fpoken  freely  of  a  conftnidion  which,  from  its  ingenuity,  might 
be  thought  of  greater  value  than  it  really  is  5  but  which,  when  carefully  examined,  appears, 
to  be  inferior  to  the  methods  already  in  ufe^ 
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rfpeBing  the  Zoenic  Acid,  i}if<a\ 
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red  by  BERrHOLLET. 


J,  H  E  fluid  •  obtained  by  dinilbclan  from  animal  fubflances  has  been  hiihfrto  thougbt 
to  cor.tjiii  no  other  principle  than  carbonate  of  ammoniac  and  an  oil,  Dertltollct  has  af- 
certained  that  it  contains  an  acid,  to  which  he  has  given  the  name  of  zoonic  acid.  He 
has  afccTtalned  its  prefencc  in  the  fluid  obtained  from  the  gluten  of  wheat,  the  yeaft  of 
beer,  bones,  and  woollen  rags,  diftilled  for  the  preparation  of  the  muriate  of  amrr.oniaf ; 
and  he  thinks  himfclf  authorized  to  coiiGdeT  it  as  the  product  of  dldillation  of  all  atiimal 
Tub  Han  CCS. 

In  order  to  feparate  this  acid,  he  mi«8  lime  with  the  fluid  afforded  by  this  dcftniaive 
difillation,  after  having  feparatcd  the  oil,  The  mixture  ia  then  boiled  or  diftillcd,  to 
feparate  tlic  carbonate  of  ammoniac.  When  the  odour  ceafes  to  be  penc'.rnting,  he  filters 
and  adds  a  fmall  ciuaiitity  of  lime  to  the  liquid,  which  he  a^ain  boils  till  the  oduur  of  am- 
moniac has  entirely  ilifappeared.  What  remains  is  the  zoonatc  of  lir.ie,  which  he  again 
filters.  To  this  he  then  adds  the  a{|ueous  folutioii  of  carbonic  acid,  or  oihcrwife  he  hloura 
ihroufrh  a  tube  into  the  liquor,  in  enter  to  precipitate  any  lime  which  might  exifl  in 
(he  uncombincd  fiatc.  The  zoonatc  of  lime  may  then  be  uftd  to  produce  other  com- 
pounds by  double  affinity ;  or  the  pure  zoonic  acid  may  be  had  by  the  following  froccfs : 
The  well  concentrated  aqueous  foluiion  of  zoonatc  of  lime  is  to  be  mixed  with  phof- 
phoric  acid,  in  a  tubulated  retort,  and  expofed  to  diftillation.  The  zCiOiiic  acid  is  not 
very  volatile,  but  requires  a  degree  of  heat  nearly  equal  to  that  of  boiling  water  to  raife 
it.  The  fluid  muft  therefore  be  boiled  %  and  if  two  fuccelTive  rcc<*!vers  be  at  the  fame 
time  a<liipted,  it  will  not  be  driven  into  the  fecond.  Part  of  the  acid  fecms  to  be  dcftroyod 
by  the  aftion  of  the  heat ;  for  the  liquor  becomes  brown  by  ibe  ebullition,  and  towards 
the  end  of  the  procefs  black  :  whence  it  may  be  concluded  th^t  this  acid  contains  carbonC' 
Berthollet  did  not  examine  the  other  priirciples  which  are  difengaged  during  the  dcconl* 
pofition. 

The  zoonic  acid  has  a  fmcll  refcmbling  meat  which  has  been  roalted ;  a  procefs  io  which 
it  is  indeed  formed.  Its  talle  15  auftere,  and,  from  the  few  experiments  of  Berthollet,  no 
remaikable  properties  were  exhibited.  It  flrongly  reddens  paper  tinged  wiih  turnfol,  and 
eiFervcfces  with  alkaline  carbonates.  It  did  not  appear  to  him  to  afibrd  cryfiallizable  falta 
With  earths  or  alkaline  bafes.  It  afforded  a  white  precipitate  in  the  aqueous  fulution  of 
acetite  of  mercury,  and  in  that  of  nitrate  of  lead  ;  io  that  it  has  a  (Iroi)gcr  attra^ion  to 
the  oxydes  of  mercury  and  lead  refpeflively  than  the  acetous  and  nitric  acids.  It  doea 
not  a£l  on  the  nitrate  of  lilver  but  by  double  afBnity.  The  precipitate  which  then  fails 
down  becomes  btown  in  time,  and  therefore  contains  hydrogen.  The  zoonatc  of  potalh 
calcined  did  not  afford  prufliatc  of  iron  with  a  folution  of  that  metal.  A  liquid,  pof- 
feffmg  all  the  charadcrs  of  acidity,  was  feparatcd  from  fleflt,  which  Berthollet  had  kept  a 
long  time  in  a  (laic  of  putrefa^ion  ;  but  it  was  an  ammoniacal  fait  with  exccfs  of  acid. 
This  acid,  combined  with  lime,  appeared  to  him  to  refemble  the  zoonate  of  lirae: 
but  the  quantity  he  had  was  too  fmall  to  admit  of  its  identity  with  the  zoonic  acid  being 
xcuraiely  determined. 

■  Nearly  in  ihc  wordt  of  Berthollet,  b  the  Annaice  ds  Cliimie,  xxvi,  tb, 
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Kijlovical  HqUs  concerning  the  Inventkn  of  the  Jir  Pump  with  Metallic  Valves  9  the  Necejlty 
of  Alkali  to  produce  the  cryflallized  Suit ,  called  Jlum  j  and  tie  dearical  Injlrument  known  by 
the  name  of  the  Revolving  Deubler.  (W.  N.) 

C^ITIZEN  ADET,  in  vol.  xxv.  of  the  Annales  dc  Chiitric,  p.  165,  claims  the  invention 
#f  an  air-pump  for  Cit.  Ami  Argand,  at  Paris,  in  the  year  1776,  of  which  that  of  Cuth- 
bcrtfon  is  faid  to  be  an  imitation.  Reference  is  made  to  the  notes  on  the  third  volume  of 
the  Legons  Eiementaires  de  Phfique^  de  Signud  de  la  Foiidy  for  a  dcfcription. 

I  am  happy  in  this  opportunity  of  doing  honour  to  a  philofopher  and  mechanic,  with 
whofe  ability  I  am  well  acquainted.  That  tenacity  with  reg^ird  to  the  credit  ariGng  fromfirft 
thoughts  or  inventions,  and  the  partiality  which  leads  men  to  exult  in  the  nationality  of  dif- 
covcry,  are  eftinuble  qualities  on  the  whole,  becaufe  they  tend  to  the  promotion  of  fciencc  \ 
but  they  fometimes  lead  to  infinuations  olmalafidex  in  cafes  where  the  coincidences  of  rea- 
foning  have  alone  produced  fimilar  refults.  On  this  occafion  it  feems  proper  to  remark,  that 
,Mr.  Cuthbertfon  has  candidly  difplayed  the  fource  from  which  he  derived  his  information^ 
and  that,  upon  the  whole,  it  appears  highly  probable,  as  well  from  the  rcfpe£lablc  charac- 
4tCT8  of  the  individuals,  as  from  the  general  circumftances  of  tjie  cafe,  that  this  artift,  as 
wdl  asPaets  van  Trooftwyk,  Dr.  Rutherford,  and  Sir  George  Mackenzie,  would  have  done 
j\ifti€e  to  the  invention  of  Mr.  Argand,  if  they  had  been  acquainted  with  it  *. 


In  the  fame  Annales,  xiiii.  222,  there  is  a  claim  on  the  part  of  the  celebrated  Chapial 
refpeAing  the  difcovery  of  the  nature  and  triple  compofition  of  alum,  communicated  to 
the  Inftitute  by  Vauquelin  f .  To  which  this  laft  chemift  has  anfwered^  in  vol.  xxv.  j^- 1079 
that  he  was  unacquainted  with  the  labours  of  Cbaptal  in  that  retpedi,  and  had  communi- 
cated his  own  memoir  to  the  luflitute  a  fortnight  before  Cit*  Chaptal's  memoir  arrived  \ 
and,  laftly,  that  the  priority  and  merit  of  the  difcovery  belong  to  Cit.  DcfcroifiUes,  whofe 
refearches  concerning  the  nature  of  alum  were  publifhed  by  BerthoUet,  in  his  Art  of  Dyeings 
long  before  that  time. 


Another  inflancc  in  which  I  am  in  fome  degree  concerned,  affords  a  curFous  exampte 
of  the  flownefs  with  which  the  improvements  of  philofophical  apparatus  are  in  fome  cafes 
'  communicated.  In  the  22d  number  of  the  Bibliotheque  Brittannique,  there  is  an  account 
of  the  doubler  of  eleftricity  of  John  Read.  The  procefs  of  accumulating  ele£tricity$  by 
doubling,  was  invented  by  Lichtenberg  and  Klincock,  and  greatly  improved  by  Bennett, 
ivho  applied  it  to  Volta's  condenfer.  In  1787,  Dr.  Darwin  con ftrudled  a  machine  for 
performing  the  procefs  in  part  mechanically ;  and  in  1788,  I  made  and  communicated  ta 
the  Royal  Society  the  Revolving  Double r  by  which  the  whole  aft  is  reduced  to  the 
fimple  turning  of  a  winch.  Five  years  afterwards,  namely  in  1793,  ^^'  Jo'^"  Read  pub- 
liflied  his  "  Summary  View  of  Spontaneous  Eleftricity,  ficc.*'  in  the  4th  chapter  of  which  he 

*  On  this  fubjea,  fee  our  Journal,  II.  2S.  f  Philof.  Journal,  I.  31  J. 
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glyea  a  dcfcription  of  ray  inftrumctic  in  my  own  words,  copied  without  acknowledgment 
from  ihc  Philofophical  Tranfailions  for  1788,  but  difguifL-d  in  a  fmall  degree  by  a  new  de- 
nomination in  the  tiilc,  and 'an  unnecelTary  Icnj^iiiciiiiig  of  (he  infulating  paris>  which 
before  were  upwards  of  ten  times  the  length  of  die  interva!  between  plate  .iiid  ptaic.  It 
is  evident,  therefore,  that  of  ail  the  individuals  who  have  written  on  this  indiument,  the 
credit  of  the  invention  has,  in  1 798,  been  bellowed  on  the  p£rfon  who  has  the  lead  claim, 
to  philofophical  invention  or  candid  narrative. 


Defcriptlm  ef  , 


n  Apparaitti  for  fnturalitig  Fot-ajtj  and  Soda  ■ 
By  Citizen  WeltHER  ". 


ihh  Carionic  Add. 


JL  H  E  intention  of  this  apparatus  is,  to  iSotA  an  uninterrupted  coniafl  between  the 
alkali  and  the  carbonic  acid  gasj  and  to  proportion  the  difengagemcnt  of  the  gas  to  itS' 
fixation. 

Fig.  I.  ptatf  XVI.  rcprefcnt*  the  complete  apparatus.  It  is  compofed  of  four  di(lin£l 
paTts>  A,  B,  C,  D.  The  lirft.  A,  fcrves  for  the  dlfcitgagcment  or  produflion  of  the  car- 
bonic acid  gas,  whence  it  is  diltrjbutcd  into  the  apparatus.  The  fecond,  B,  connefls  all 
the  fcveral  parts  of  the  apparatus  together.  The  third,  C,  is  the  refcrvoir  for  carbonic  acid 
gas.  The  principal  funflion  of  this  part  is  to  fupply  gas  to  the  alkali  in  proportion  as  the 
abforption  takes  place.  And  the  fourth,  D,  contains  the  alkali  which  is  to  be  faturated,  ia 
contact  with  the  carbonic  acid. 

Each  of  thefc  parts  requires  a  particular  dcfcriplion. 

The  part  A,  coiifiils  of  a  bottle  with  two  necks  n,  b,  {the  third,  c,  is  not  neceflary).  This 
bottle  contains  fulphuric  acid  diluted  with  four  parts^af  water,  to  the  height  d.  —The  neck  a, 
receivesatubet'f'f,  of  which  the  upper  part  f'f',diveige5  like  the  bafe  of  a  funnel,  and  the 
lower  part  e,  which  pafles  through  the  cork  and  enters  the  bottle,  is  drawn  out  by  the  lamp,, 
infuch  a  manner,  that  the  portion  of  tube  which  is  in  the  flopperhai  the  fame  internal  dia« 
Dieter  as  tlie  extremity  g  of  the  fl:eni_^  rcprercnted_/f5.  2,  A  ;  and  that  the  orifice  e  within 
the  bottle,  ia  only  two  millimetres  in  diameter  (-,'t  *>f  a"  inch)  f.  Into  the  tube^V* 
enters  the  ftem  or  ftick  of  ghfs  f,  rcprcfcntcd  fg.  2,  A,  the  lower  extremity  of  which  is 
bound  with  flax,  fo  tlut  it  ferves  as  a  Hopper  in  the  contrafted  part  of  the  tube,  and  docs 
not  permit  its  contents  to  flow  into  the  bottle  a,  uiilcfs  that  Hopper  be  raifcd. — The  neck  i- 
contains  a  tube  /j  h  h  bended  into  two  angles,  and  forming  a  communication  between  A 
andB. 

The  part  B,  confifts  of  a  bottle  with  five  necks  a  bfih,  of  which  the  plan  is  reprefentcd 
fig.  3,  B.     This  bottle  contains  water  as  high  as  /. — ^Thc  neck  h  receives  (he  tube  h  b  hf 

"  Tliii  apparatus wa!confirufltd  in  tlic firft  nionih  of  ihelhirJ -republican year.  The  Jefaipiion  it  tranflaMa 
from  the  AnnalesileChiioic.  ixvii.  55. 

+  The  tube  ^/"e  may  be  made  out  of  a  fmall  miirafE  with  a  long  ntck.  The  hanom  m>y  be  taken  sway, 
le«¥  in  B  about  half  the  body,  which  »iil  lomi  the  pari/'f'  ofihe  tuLie  j  the  neck  will  afford  ihc  partus,  audi  tie 
uttcmiiy  of  ihcnetkfaftcntd  and  drivdi  out  by  tlie  bnif  to  the  ilwve  dimcnliont,  will  affui  J  \i\%  extiemiry  e.  VV. 

proceeding 
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proceeding  from  the  bottle  A — The  neck  *  contains  a  ftrait  tube  gg\VfHioSt  cttremity  ^' 
19  phinged  in  the  water  to  the  depth  of  one  or  two  centimetres  (about  \  of  an  inch.)  It 
ferves  to  fhew  the  comprefTion  to  which  the  carbonic  acid  gas  is  fubje£iedin  the  apparatus. 
— The  neck  a  contains  a  ftrait  tube  a'  a^  which  allows  a  communication  to  be  formed  at 
pleafure  from  the  interior  part  of  the  bottle  B,  with  the  atmofphere,  by  means  of  an  appara- 
tus of  tubes  (hewn  in^^  4,  li.  The  tube  a*  a  has  two  ftoppers  at  m  and  n :  the  ftopper  m 
enters  the  tube  m  w,  enclofing  the  tube  a'  a  '^  in  the  internal  between  thefe  two  tubes  upon^ 
the  ftopper  w,  mercury  is  poured  to  the  height  r  of  twelve  or  fifteen  millimetres  (ibout  {- 
an  inch) :  the  tube  a' a  is  then  covered  by  a  third  tube  Jclofed  above,  which  being  immer* 
(t{\  at  p  m  into  the  mercury,  interrupts  the  communication  of  the  atmo(phere  with  the 
orifice  a'  of  the  tube  « '  j,  and  confequently  clofes  the  bottle  B,  when  the  ftopper  n  is  placed 
in  the  neck  a, — The  neck  /  contains  a  tube  /  /,  compofed  like  the  formers'  a  j  but  of  which 
the  intermediate  tube  000  twice  recurved,  eftablifties  a  communication  between  the  bottle 
B  and  the  refer  voir  C. — ^Thc  laft  neck /contains  a  tube///',  twice  recurved,  which  cfta* 
bliflies  a  communication  between  the  bottles  B  and  D. 

The  part  C  is  compofed  of  a  tub  /,  in  the  fide  of  which  there  is  a  hole  at  a  fmall  diflance 
above  the  bottom  a  a. — In  this  lateral  hole  is  inferted  a  perforated  ftopper,  the  interior  ori* 
fice  of  which  receives  a  tube  bUyby  bended  into  a  right  angle,  of  which  the  portion  ^muft 
be  bended  in  fuch  a  manner^  that  the  angular  part  b"  may  touch  the  bottom  a  a  of  the  tub, 
which  renders  it  more  firm  in  its  pofition.  In  the  external  orifice  of  this  cork,  or  ftopper^ 
there  is  fcrewed  a  brafs  cock  r,  of  which  the  part  c  receives  a  tube  c  /  c"  c,  bended  at  c, 
(o  rife  vertically,  and  from-  c'toc^'to  bind  againft  the  frame  dd.  This  tube,  at  the  height  d,, 
is  compofed  like  that  of  a^ay  defcribed/f .  4,  B.  It  there  receives  the  tube  000,  which  afibrds 
a  communication  with  B. — ^The  pieces  which  are  applied  to  the  hole  b  of  the  tub,  arc  luted; 
the  inner  with  graver's  wax,  and  the  outer  with  fat  lute. — Ii^  the  tub  /,  containing  water 
to  the  height  eee^  there  enters  an  inverted  jar  C,  provided  with  a  copper  cock  at  /  and  w. 
This  jar  is  fufpended  at  ^  by  a  ftring,  which  pafles  over  the  pulleys  b  by  and  fupports  at  1,  a 
\ireight  K,  fomewhat  lefs  heavy  than  the  jar  itfelf,  when  entirely  plunged  in  the  water  con- 
tained in  the  tub. — When  the  jar  C  is  totally  immerfed  in  the  tub,  it  will  reft  on  two  piecea 
qf  wood  about  two  or  three  centimetres  thick,  which  are  fixed  at  ///  near  the  inner  circum* 
fercnce  of  the  bottom  a  a  oi  the  tub  {kc/g.  5,  C,  which  reprefents  the  plan  of  the  tub; 
sind/^.  6,  which  reprefents  the  vertical  fc£lion  as  far  as  A  B),  fo  that  the  bafe  /^  /'/'  of  the 
jar  cannot  touch  the  tube  b. 

The  part  D  coufifts  of  a  bottle  with  three  necks,  a^  b,  c.  The  neck  a  receives  a  tube 
a  a'  a^  proceeding  to  a  fmall  bottle  dy  containing  water  as  high  as  e. — The  neck  b  receives 
the  tube  fff  proceeding  from  the  bottle  B  ;  this  tube  ought  to  poflefs  a  diameter  of  about 
two.  centimetres  (\  of  an  inch)  at  its  orifice/. — The  neck  c  contains  a  fyphon  ^^,  commu- 
aicating  with  the  bottle  /,  of  which  the  branch  ^ '  ought  to  be  longer  than  g. — The  bottle  / 
has  three  necks,  A,  /,  k. — It  receives  in  its  neck  1,  the  fyphon  g  g*\  in  the  heck  i,  a  tube  3  h^ 
with  one  fingle  bend  ;  and  the  neck  n  remains  free.     It  is  to  be  csrked. 

After  the  formation  of  the  apparatus  by  uniting  the  four  parts  here  defcrlbed,  each  of 
them  demands  a  particular  preparation  before  the  operation  can  be  proceeded  upon. 

The  tube  e'  e'  e  oi  the  part  A  is  to  be  filled  with  carbonate  of  lime  mixed  with  water.-— 
Through  the  neck  h  of  the  bottle  /|  in  the  part  D,  that  bottle  Is  to  be  filled  with  alkali.  The 

neck 
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neck  h  is  then  to  be  (lopped  with  its  cork,  ami  by  blowing  througli  the  lute  K  the  alkali  is 
to  be  forced  ilirougii  'licryphon^'^  intoihc  bottli;  D.  Tlic  air  contained  inihis  la(l  bottle 
cfcapes  through  the  tube  n  a'  a,  and  pafTes  through  the  water  of  the  fmall  bottle  cl.  The 
fluid  becomes  iicarly  on  a  level  in  the  bottles  D  and  /,  and  the  extremity  of  tht  tube///", 
which  connefls  the  bottles  B  and  D,  is  plunged  in  the  atkah. — Proceeding  then  to  the  part 
f,  the  cock  OTof  the  inverted  vcflll  is  to  be  opened, uhile  that  of  the  tub  r  is  kept  (liut.  By  the 
cxccfsof  wciglit  ot  the  jar  beyond  that  of  K  it  finks  in  the  tub,  and  becomes  filled  with  water, 
while  the  common  air  it  contained  cfcapes  al  g. — As  foon  as  the  inverted  vclTel,  bring  to- 
tally immcrfcd  in  l!ic  tub,  rcpofes  on  the  circular  fcgmcnts  ///,  the  crificc  of  the  upper 
tube  of  the  tube  4  is  found  in  the  brafs  receptacle  /.  It  is  neceRjry,  that  the  IctcI  of  the 
water,  which  by  the  imnierfion  of  the  inverted  vefl'cl  may  have  rifen  from  *  to  X,  fhould 
have  the  elevation  ie'oi  the  tube  6  equal  at  Icaft  to  two  centimetres  higher, in  order  that  thl» 
tube  may  not  be  clofed  by  the  water,  which  would  prevent  the  gas  from  entering  into  the 
veffcl  C— When  this  lall  veflci  is  full  of  water,  its  cock  /  muft  be  Ihnt,  and  the  cock  r  of  the 
calk  mud  be  opened. 

In  ibis  difpofition  of  the  apparatus,  the  glafs  (kem  fof  the  part  A  is  to  be  raifcd,  and 
carbonate  of  lime  gradually  introduced,  which  falling  upon  the  fulphuric  actd  becomes 
decompofed,  and  (ofcs  its  carbonic  acid.  This  lafl  poflelFing  the  claftic  flaie,  paffes  through 
the  cube  AAA  into  the  bottle  B.  The  tube  i/  is  then  to  be  raifed,  in  order  that  the  atmo* 
fpheric  air  contained  in  the  bottles  A  and  B  may  flow  out ;  after  which,  the  neck  n  of  the 
bottle  B  is  to  be  clofed,  by  replacing  tube  d.  In  this  fituation  the  carbonic  acid  gas,  w>iEc& 
enters  B,  (meeting  lefs  refiitance  in  its  palTage  to  the  inverted  veflcl  through  the  tubes  f  I 
and  0  0  0,  than  to  pafs  into  the  part  D  by  the  tube///',  which  is  plunged  in  the  alkali)  raife* 
and  fills  the  veflel  c. — As  foon  as  this  event  has  happened,  no  more  carbonate  of  lime  is  to 
be  introduced  into  the  bottle  A,  and  the  bottle  D  is  filled  with  alkali  by  blowing  through 
the  tube  K.  of  the  bottle  I.  The  levels  of  the  alkaline  fluid  are  at  the  height  ii  in  the  bottle 
P,andm  <n  in  the  bottle /)  and  the  fluid  lending  to  its  level,  by  means  of  the  fyphon 
gg',  the  furfacc  n  falls,  and  produces  a  vacuum  in  the  bottle  D.— The  carbonic  acid  gas  is 
then  drawn  into  the  bottle  D  by  the  tube///;  at  the  fame  time  that  the  water  of  the  fhiall 
bottle  il  (part  D)  rifes in  the  tube  a  a'  a;  but  the  height  of  this  tube  is  fuch,  that  the  car- 
bonic acid  gas  can  enter  the  bottle  D  before  the  water  rifes  to  n'  in  the  tube  a  a'  a. — The 
two  furfaces  n  and  m  acquire  an  equilibrium  in  the  bottles  D  and  /,  and  the  carbonic  acid 
gas,  which  occupies  the  upper  part  of  the  bottle  D,  combining  with  the  poL-a(h,  a  vacuum 
is  formed,  which  is  continually  fupplicd  with  new  g.u, — When  the  veffel  C  is  nearly  eit- 
hauded  of  its  gas,  it  muft  be  filled  by  a  new  difcngagcment- 

N-  B.  As  the  carbonic  acid  gas  it  mixed  with  a  fmall  portion  of  atmofpherlc  air,  this  air, 
which  is  not  abforbed  by  the  poi-afli,  accumulates  in  the  bottle  D,  and  may  ftop  the  ope- 
ration. It  mull  be  driven  out  by  blowing  into  the  lube  i  of  the  bottle  /,  and  (Uling  tht 
bottle  D  with  alkali. 
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jtb/lra^  of  a  Memoir  of  KlapHOTH,  on  a  ne^u  Metal  denomwated  TeHi/flum.      Read  at 
the  Public  ^ejfion  of  the  Academy  of  Scietices  at  Berlin^  January  the  25/A,  1 798  ♦. 
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LAPROTH,  the  chcmift  of  Berlin,  in  the  chemical  analyfis  of  the  auriferous  ore, 
Inown  by  the  name  of  the  white  ore  of  gold  (weifsgolderz),  aurum  paradoxum,  metalium 
vel  aurum  probleipatlcum  f,  has  difcovercd  in  that  mineral,  a  metal  abfolutely  different 
from  all  thofc  which  have  hitherto  been  known,  to  which  he  has  given  the  name  of  Tel- 
lurium, forming  a  kind  of  feries  or  arrangement  with  the  new  metals  difcovered  by  him 
fome  time  ago,  and  denominated  Uranium  and  Titanium.  Mr.  Muller  of  Reicbenflein, 
in  the  year  1782,  had  fufpe£led  the  exiilence  of  a  peculiar  metallic  fubftance  in  this  mine'* 
ral.  Bergman,  to  whom  he  had  forwarded  a  fpecimen  of  the  ore,  confirmed  his  fufpicion  ; 
but  on  account  of  the  fmall  quantity  upon  which  he  operated,  he  did  not  think  fit  to  decide, 
whether  this  fodil  did  a^ually  contain  a  new  metal,  or  whetherit  might  not  be  antimony 
which  he  had  miftaken  for  a  new  product.  The  numerous  and  ingenious  experiments  to 
which  Klaproth  has  fubjeded  a  more  conGderable  quantity  of  this  ore,  which  was  fent  to 
lum  by  Mr.  Muller  |,  perft£lly  confirm  the  fufpicions  of  that  chemift,  and  of  Bergman. 

The  Procefs  for  obtaining  this  Metal  from  its  Ore. 

1.  A  portion  of  the  ore  is  gently  heated,  with  fix  parts  of  muriatic  acid  ;  three  parts  of 
nitric  acid  are  then  to  be  added,  and  the  mixture  fubje£ied  to  ebullition.  A  very  conGder- 
able efTervefcence  takes  place,  and  the  fclutlon  becomes  complete. 

2.  The  filtered  folution  ia  to  be  diluted  with  as  much  water  as  it  can  bear  without  becom- 
ing turbid,  which  quantity  is  very  little.  A  folution  of  cauftic  pot-aOi  is  then  to  be  added, 
until  the  white  precipitate,  which  is  at  fird  formed,  {hall  difappear,  and  nothing  but  a  brown 
depofition  in  flocks  (hall  remain. 

3.  This  l?.ft  precipitate  is  a  mixture  of  the  oxides  of  gold  and  of  iron,  which  may  be  fepa* 
rated  by  the  ufual  methods. 

4.  To  the  alkaline  folution  (2),  muriatic  acid  muft  be  added,  fuflicient  for  the  perftft 
laturation  of  the  alkali ;  but  not  in  excefs.  A  white  and  very  abundant  precipitate  it 
aflforded,  which^  on  the  application  of  heat,  falls  to  the  bottom  of  the  veflcl  in  the  form 
of  a  heavy  powder.  After  walhing  and  drying.this  precipitate,  it  is  to  be  formed  into  a 
kind  of  pafte,  with  a  fufficient  quantity  of  any  fat  oil  \  and  this  mafs  is  introduced  into  a 
fmall  glafs  retort,  to  which  a  receiver  is  loofely  to  be  applied.     In  this  difpofition  of  the 

•  This  abftri£l  was  communicated  on  the  part  of  the  author,  by  M.Rofc,  a  chcmift  of  Berlin,  and  was  tranf-. 
lated  and  forwarded  to  the  Phylomatic  Society  at  Paris,  by  L.  Hecht  the  ^oungcr.     The  French  tranflation, 
which  of  courfc  I  muft  follow  (as  the  original  is  unpublilhcd),  is  infertcd  in  the  xxvth  vol.  of  the  Anuales  dc 
Chimie,  p.  273. 

^  This  mineral  is  found  in  the  mine  called  MariabiJf,  in  the  Fca%lay  mountains  near  JMlctbna  in  Trarjilvanta^ 
See  Emmcrling*s Elements  of  Mineralogy,  II.  124.  ctllq.  (or  Kinvan,  II.  324.    N.) 

*  In  the  original  the  words  arc  "  M.  de  Reichenftein,"  which  I  fuppofcto  be  an  overfi-ht,  and  that  I  am 
«orre£t  in  tranflating  the  words  M.  Muller  de  Reichenftein  which  occur  a  few  lines  before,  on  the  fuppofition  that 
M.  Muller  actually  refides  at  Reichenftein,  without  deriving  any  titular  name  from  diat  towu.     N. 
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qnpiTitus,  heat  is  gradually  to  be  applied  to  ignition.  In  proportion  as  the  oil  becomes 
liccorapofcd,  brilliant  metallic  drops  are  obferved,  fimilar  to  llioft:  in  the  distillation  of 
mcriury,  which  Jinc  the  upper  part  of  the  retort,  and  run  down  at  interTals  to  the  bottom 
of  the  velTel,  immediately  after  which  they  arc  replaced  by  others.  Aficr  the  cooling, 
thcfc  metallic  drops  arc  found  congealed,  and  adhering  to  the  fides  of  the  retort  and  the 
bottom  of  tlic  veffcl ;  and  the  reft  of  the  metal,  reduced  in  the  form  of  a  button  with  a 
briUianC  furfacc,  moft  commonly  prefenCing  a  ccyftallized  face. 


The  epniial  CfjaroHers  of  this  niiv  Mttal. 

\,  Its  colour  is  white  like  tin,  but  tnclining  to  a  leaden  grey.  Its  metallic  fplendor  is 
conficlcrable  ;  its  fraflurc  lamcllated  (gcrade  blaltrig).  It  is  very  brittle  and  friable,  and 
by  {!o«  cooling  it  readily  acquires  a  cryftalHzed  furface. 

2.  Its  fpedfic  gravity  is  6,115. 

3.  It  belongs  to  the  clafs  of  the  moft  fuHble  metals. 

4-  Heated  with  the  blow-pipe  upon  charcoal  it  burns  with  a  flame  conliderably  brilliant, 
of  a  blue  colour,  but  greenifh  at  the  edges  \  it  rifes  totally  in  a  grey  whitiOi  fume,  and 
emits  a  difagrecablc  fmell,  which  approaches  that  of  railifhcs.  If  the  flame  be  with- 
drawn before  the  fmall  portion  fubjefled  to  the  heat  is  entirely  volatilized,  the  remaining 
button  preferves  its  fluid  Hate  for  a  long  time,  and,  during  the  refrigeration,  bccomct 
covered  with  a  radiated  vegetation. 

5.  This  metal  amalgamates  cafily  with  mercury. 

6.  With  fulphur  it  forms  a  fulphuret  of  a  leaden-grey  colour,  and  radiated  ftmflure. 

7.  lis  folution  in  the  nitric  acid  is  clear  and  colourlcfsi  when  concentrated,  it  fponta- 
neoufly,  in  the  courfe  of  time,  affords  fmall  white  and  light  cryftali  in  the  form  of 
needles,  which  polTefs  the  dendritic  aggregation. 

8.  The  new  metal  is  likewife  foluble  in  the  nitro- muriatic  acid  :  when  a  large  quantity 
of  water  is  added  to  a  folution  of  this  nature,  the  metal  falls  down  in  the  flatc  of  oxide, 
is  the  form  of  a  white  powder,  which  in  this  Hate  is  foluble  in  the  muriatic  acid. 

9.  When  a  fmall  quantity  of  this  metal  is  mixed  in  the  cold,  with  one  hundred  limes 
its  weight  of  concentrated  fulphuric  acid,  in  a  clofed  velTel,  the  fluid  gradually  allumes 
a  beautiful  crimfon  red  colour.  By  the  addition  of  a  fmall  quantity  of  water,  added  drop 
by  drop,  the  colour  difappears,  and  tlic  minute  portion  of  metal  wliich  was  dillblved 
falls  down  in  the  form  of  black  flocks.  Merc  heat  alfo  dcftroys  this  folution  j  it  caufes  the 
red  colour  to  difappear,  and  difpofes  the  metal  to  feparate  in  the  ftate  of  a  white  oxide. 

10.  When,  on  the  contrary,  the  concentrated  fulphuric  acid  is  diluted  with  two  or 
three  parts  of  water,  and  a  fmall  quantity  of  nitric  acid  is  added,  this  mixture  dilTolveg  a 
confiderable  portion  of  the  metal.  The  folution  is  clear  atid  colourlefs,  and  is  not  dccom* 
pofcd  by  the  mixture  of  a  greater  quantity  of  water. 

11.  AH  the  pure  alkalis  precipitate  from  the  acid  folutions  of  this  metal  a  white  oxide, 
foluble  in  all  the  acids.  The  precipitate  is  entirely  foluble  by  exccfs  of  alkali.  If  a  car- 
bonate be  ufcd  inftead  of  a  pure  alkali,  the  fame  phenomenon  takes  place  ;  with  this  dif- 
ference, however,  that  by  an  exce£s  of  die  carbonate  the  precipitate  which  is  formed  Ij' 
ftdtirolved  in  part  only. 
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CharaStrt  »f  tht  nizv  R-Ittai,  Tellarium, 


It.  A  very  pure  pruQlace  of  potafli  accafions  no  precipitate  in  the  folutioni  of  tbk 
metal.  Tliis  is  n  remarkable  exception  to  ilie  geacral  Tule  of  metallic  pTei:ipiutions  { 
which,  however,  it  partakes  with  goIJ,  plaiina,  and  antimony. 

13.  Tlie  alkaline  fulphurcts  rmxiA  with  the  acid  foluuon,  occaiioii  a  brown  orblackilh 
precipitate,  accordingly  as  ihe  metal  is  combined  widi  more  or  lefa  of  ojiygcn.  It  fome- 
tiiDes  happeas  that  the  colour  of  the  piccipiiaie  pctfeclly  refembles  ketmes  mineral,  or 
die  red  fulphuratcd  oJtiile  of  aiiiimony.  When  the  fulphuret  of  tellurium  is  ezpofcd  on 
an  ignited  coal,  the  metal  burns  with  a  blue  colour,  together  with  the  fulphur. 

14.  The  infulion  of  the  nut-gall,  combined  with  tiie  fame  folutions,  aftbrds  a  precipi- 
tate in  Docks  of  an  Ifabella  colour. 

15.  Iron  aod  zinc  precipitate  tellurium  from  its  acid  folutions  in  the  meialltc  ftate, 
under  the  form  of  fhiall  black  flocks,  which  nfume  the  metdlic  biilUancj  vhen  rubbed* 
and  arc  fufcd  into  a  mei;)!lic  button  upon  an  ignited  ciul. 

16.  Tin  and  antimony  occallon  the  fame  phetiomenon  with  the  acid  folutions  of  ihc 
new  metal.  The  precipitate  formed  by  antimony  proves,  in  the  mofl  striking  manner, 
that  lelloiinm  is  not  antimony  difguifed,  a?  had  bireii  fuppofed.  The  folution  of  tin  in 
the  muriatic  acid,  mired  *ith  a  folution  of  tellurium  in  tlic  fame  acid,  likcwifc  produccs- 
a  black  metallic  piectpieaie. 

17.  The  oaides  of  tellurium,  obtained  from  the  acid  folutions  by  alkalis,  or  from  al— 
luliae  foluiionsi  by  acids,  are  in  either  cafe  reduced  with  a  degree  of  rapidity  approaching- 
to  detonation,  by  expofure  to  heat  upon  charcoal.  It  burnt,  and  is  volatilized,  asbu- 
already  been  mentioned. 

18.  By  the  application  of  heat,  for  a  certain  time,  in  a  retort,  this  oxide  of  tcUorium 
becotoes  fufed,  and,  when  cold,  appears  of  a  llraw  colour,  with  a  kind  of  radiated  texture, 

19.  With  the  addition  of  any  fat  fubftance,  the  oxide  of  tellurium  is  perfeilly  reduci*- 
ble  by  the  method  before  defcribed. 

The  white  ore  of  gold  from  Fa/zhay,  aurum  vel  tnetallum  problem aiicum,  contains,  In- 
1000  parts,  tellurium  in  the  metallic  Itale,  925,5  -,  iron,  73,0  ;  gold,  2,^. 

The  graphic  gold  of  Oifenbanya  contains,  in  loo  parts,  tellurium  in  the  mctalllo 
flate,  60  ;  gold,  30 ;  filvcr,  10. 

The  cnineial  known  "by  the  name  of  the  yellow  ore  of  Nagyag  contains,  in  1 00  parts, 
nietallic  tellurium,  45,0  I  gold,  27,0;  lead,  19,5;  filvcr,  8,5  j  and  of  fulphur  a  minste  portion.. 

The  mineral  known  by  the  name  of  the  grey  foliated  ore  of  gold  from  Nagyag  corw 
tains,  in  100  parts,  lead,  30;  metailic  tellurium,  33  ;  gold,  8,5;  fulphur,  7,5;  filrcc 
and  c^per,  1. 


After  the  above  was  printed  In  the  Annales  de  Chlinie,  the  editorS  of  that  excellent- 
work  received  3  tranfiaiion  of  a  manufctipt  addrclTed  by  M.  Klaproth  to  Cit.  Van  Aloas^ 
on  their  behalf.  From  thislheycxiraiflcd  the  following  mrneralogical  and  chemical  details"  :: 

The  colour  of  the  metalltmi  pnradoxum,  of  the  miueof  Fatzbay,  is  betweea  the  white  of. 
tin  and  the  grey  of  lead  :  it  has  much  met.iUic  brilliancy.  It  is  fomctimes  in  lunipe,  andj 
riien  forms  an  aggregate  of  cryllalline  grains.     Il»  texture  is  ufually  fine  or  fmall  graincij.. 
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Its  matrix  it  compofed  of  quartz  and  mart.  The  fubjcd  of  the  &tA  anslyCt  was  takea 
from  a  piece  of  the  compa^  variery  detached  ia  t  ;8o. 

The  graphic  gold  of  the  mine  Francifcus  at  Offeiibatiya,  forming  the  fecond  variety,  ii 
of  the  while  colour  of  tin,  partly  incliuing  to  the  yellow  of  brafs :  it  is  very  brilliant, 
compofed  of  prii'matic  cryftais,  flat  am!  comprefTcd,  of  which  the  mutual  pofiiion  aifeds 
the  I'otm  of  the  ch:irartera  of  Turkiili  writing,  which  has  given  rife  to  its  empyrical  name. 
It  13  ufually  found  between  the  grcylfli  blue  argillsceous  porphyry,  bedded  in  grey 
<juartz.  The  proportion  of  the  conlUtuent  parts  of  this  ore  vary  much :  the  middle  term 
has  been  taken. 

The  third  varictVi  called  the  yellow  ore  of  gold,  is  of  a  white  fih-cr  colour  inclining 
to  the  yellow  cf  brafs,  compact,  and  iiiterfperfed  with  quartz  and  brown  fpar.  It  is 
not  known  whether  that  fpeciuien  winch  prefents  radiations  of  confiJcrable  magnitude, 
and  exhibits  a  laniellatcd  texture  and  fracture,  is  of  the  fame  fpecies  :  it  is  found  in  a 
mixture  of  quartz  cryftals,  and  brown  red  fpar,  and  fometimes  in  the  foliated  ore. 

The  foliated  ore,  or  grey  foliated  gold  ore  of  Nagyag,  diifers,  in  its  chemical  and  mine- 
talogical  charailcrs,  from  the  three  foregoing,  which  are  comptifed  under  the  name  of 
white  gold  ores ;  which  has  caufed  it  to  be  admitted,  in  the  new  fyftem  of  mineralogy, 
as  a  particular  fpecies  of  the  genus  Gold.  Its  colour  is  a  deep  leaden  grey,  inclining  to 
ihe  iron  black.  It  is  feldom  found  compaft,  but  moil  commonly  inferied  in  the  form  of 
fmall  united  leaves,  and  likcwifc  in  thin,  oblong,  liexahedral  tables,  partly  accumulated 
in  cavities.  Its  metaHic  fplcndor  is  but  moderate:  its  fraiSure  mod  commonly  exhibits 
contorted  leaves ;  it  is  fpcckled,  and  in  fomc  fpecimens  the  leaves  are  llightly  flexible.  Its 
matrix  is  compofed  of  quartz  mixed  with  reddlfh  mangaaefe,  which  it  has  penetrated  in 
every  direflion, 

Scopoli,  Sage,  and  Ruprecht,  attempted  to  analyfe  this  ore  ;  but  the  difference  of  their 
refults  rendered  their  experiments  very  uncertain.  They  had  clearly  afcertained  the  pre- 
fence  of  a  fubftancc  volatile  by  heat ;  but  they  were  deceived  in  taking  it  fometimes  for 
arfenic,  and  in  other  inllances  for  antimony. 

It  is  to  M.  Von  MuIIer,  at  prcfent  dircdlor  of  the  mines  at  Zalathna,  that  M.  Klap- 
roih  afcribes  the  honour  of  having  firft  obfervcd  this  new  metal  (in  the  colle£lion  of  Me- 
moirs of  the  United  Friends  of  Vienna,  publidied  by  Born).  He  exprelTes  his  acknow- 
ledgment for  the  fpecimens  he  fcnt  to  him,  which  enabled  him  to  prove  its  cxillence.  He 
does  not  omit  the  obfervation,  that  Bergman,  though  he  durft  not  decide  concerning  the 
true  charaflcr  of  this  metallic  fubftancc,  did  ncvcrthelcfs  declare  tliat  it  was  not  antimony. 

We  have  fccn,  in  the  foregoing  abllracl,  {p.  371,  No.  3,)  tliat  tlic  precipitate  which  is 
rot  re-diflblved  by  ammoniac  is  a  mixture  of  gold  and  iron.  There  are,  doubilefs,  feveral 
methods  of  feparaiing  thsk  two  metals ;  but,  perhaps,  it  may  be  fatisfadory  to  know  the 
method  which  was  ufed  by  M.  Klaproth.  He  re-dilfolved  the  whole  in  the  [litro- muriatic 
acid,  and  precipitated  the  gold  by  a  folulion  of  tloe  nitrate  of  mercury  made  without  heat, 
which  he  poured  gradually  into  tlie  former  folutlon,  till  the  precipitate  which  fell  down 
had  changed  its  brown  colour  for  white.  The  precipitate,  being  carefully  colieifled,  was 
reduced  into  pure  gold. 

"  I  ihall  give,"  fays  M.  Klaproth,  "  in  the  third  volume  of  my  Beytratge,  fcc.  the 

particulars  of  thefc  anaiyfcs  of  tlic  gold  ores  nf  Tranfylvania  which  contain  tellurium, 

3C  a  after 


liter  having  once  more  repeated  them,  in  oider  to  determine  the  proponionj  wltli  more 
certainty  and  precirioo.  Tlic  rcfearchcs  of  mincralogifts  and  chemifts  will  Toon  i'lforia 
US  whcibcf  tellurium  is  likewifc  met  with  in  other  places,  or  whether  «urc  hat  cx- 
cIuGvclf  appropriated  this  metal  to  the  gold  mines  of  TranfirUanla. 


SCIENTIFIC  NEWS,  AND  ACCOUNT  OF  BOOKS. 

AycKicAN  News. 

XN  conlidcration  of  the  general  uiiiiiy  that  would  refult  from  ihc  citizens  of  the  United 
£>tates  being  enabled  to  procure,  free  from  cxpcncc,  an  analyfisof  any  ores,or  mineral  fub- 
ffances,  "The  Chemical  Society  of  Hhlladetphia,"  on  the  aoih  of  June  i797,pafl"cd  the  fol- 
lowing Refolution : 
"  Refolved, 

•'  That  a  Committee  of  five  Members  be  appointed,  whofe  bufinefs  it  ffiall  be  to  notify 
in  the  different  papers  of  the  United  States,  and  by  circular  letters,  that  ihcy  will  gi»c  an 
analyCs  of  all  minerals  which  may  be  fent  them." 

In  conformity  to  the  above  refolution,  they  have  given  notice  that  they  will  analyze  any 
minbral  which  may  be  fent  ihem,  provided  it  be  forwarded  free  of  eipencc,  and  accomp^- 
■ied  with  an  account  of  the  place  and  fituation  in  which  it  was  found. 

Committee. 
Thomas  Smith,  No.  19,  North  Fifth  Street. 
James  Woodhoufe,  No.  13,  Cherry  Street. 
Samuel  Cooper,  No.  178,  South  Front  Street, 
Adam  Seybert,  No.  191,  North  Second  Street. 
John  C.  Otto,  No.  37,  North  Fourth  Street* 


Frofeflbr  Barton  of  Philadelphia,  who  has  lately  publidied  a  fmall  trafl  on  the  Vegeubh- 
Materia  Medica  of  our  country,  is  prcparirg  for  the  prefs  a  work,  to  be  entitled  "Stric- 
tures on  the  Arrangement  of  the  Materia  Medica,  adopted  by  Dr.  Darwin  in  hi» 
Zoonomia."  ^^_^__«^_^ 

Januarj  ig,  1798«     The  jfmfrican  Philo/iiphlcal  Society   held  their  annual  eleflion  of 
oSicers  on  the  firll  Friday  of  this  Inllant,  when  the  following  were  duly  chofen  : 
Prefident— The  Hon.  Thomas  Jefferfon. 

V  ice-Prefidents— Nichtflas  Collin,  D.  D.  Dr.  Benjamin  Rufh,  and  Dr.  Caijar  Wiftar.. 
Treafurer — Mr.  John  Vaughan. 
Secretaries— Samuel  Magaw,  D.  D.  Dr.  Adam  Seybert,  Dr.  J.C.James,  and  Mr. 

Sanuel  H.  Smith. 
Curators— Mr.  Charles  W.  Peale,  Dr.  Benjamin  S.  Barton,  and  Mr.  Robert Patterfon. 
Claffi  of  Counfellors  for  three  years— Mr.  Jonathan  B.  Smith,  Dr.  William  Curtie» 
WiUiam  Smith,  D.  D,  and  Mr.  Jonathan  Williams,  two  jcarsfrom  January  1798. 

A£Jiostatio)G; 


/ffi'ejtatm.'—jfeeeunt  e/Betit. 


Aerostation. — Augujl  13,  1798. 

BLANCHA^ID  afcendcd  into  the  acmofphcrc,  for  the  forty-fmh  time,  by  means  of  an 
apparatus  cnnfifling  of  five  balloons  attached  to  a  car,  and  a  finth  fmall  globe.  He  threw 
out  a  dog  attached  to  a  parachute,  which  defcended  gradually,  but  of  wbofe  fate  no  men- 
tion ii  made  in  the  Moniteur,  whence  I  eitrai?!  this  intelligence.  He  rofe  at  half  pnfl  noon 
fr')m  Rouen,  afccndcd  to  ihc  height  of  2500  toifes,  and  landed  again  at  55  minutes  aftei 
two,  near  the  viihge  of  Bazancourt,  12  leagues  diftant  from  the  firll  place.  Wc  have  no 
ace  Hint  of  any  remarkable  obfeivation  made  during  this  voyage,  nor  the  reafons  why  his 
aj'jtaratus  was  fo  complicated. 

Cii.  Garnerin,  on  the  jSth  of  the  fame  month,  made  his  eleventh  afeenfion  from  Paris. 
His  courfe  for  a  confider.iMe  time  was  near  the  ground,  during  which  he  convcrfed  with 
the  people  below.  I  heTe  converfations  (hewed  how  much  the  earth  refle6led  found  j  for 
all  il^.  words  were  repeated  five  or  fix  times.  He  thought  at  firft  that  it  might  be  governed 
hy  foinc  local  i:ircumflanccs,  which  indeed  is  very  probable  with  regard  to  the  repetition. 
He  defc:-udcd  f.-veral  times  to  the  fame  level,  at  diftances  of  ten  leagues  afunder,  where  he 
conftantly  obiericd  the  fame  effefl.  This  great  vibration  of  the  air  was  not  fcnfiblc  to 
diftanccs  eice.ding  150  or  200  toifes.     It  decreafes  with  the  diftance. 

Docs  the  vertical  tranfmilTion  of  found  differ  from  that  which  is  made  in  an  horizontal 
dire^ion  ?  On  this  head,  however,  may  be  read  the  very  entertaining  account  of  Oavid 
Fricdlichius,  at  the  end  of  the  igth  chapter  of  the  firft  book  of  Varenius,  who  afcended 
the  tiighed  eminences  of  Carpathas,  near  Kcfmark.!,  in  Hungary.  It  is  copied  by  Der- 
ham,  in  the  firft  volume  of  his  Phy  fico -Theology. 

This  aeronaut  was  accompanied  by  a  female  Citizen,  Henry.  They  rofe  at  2;  minutes 
afier  four,  and  defcended  at  nine  in  the  evening,  at  the  gates  of  Chatons,  forty  leagues 
from  Paris,  and  thiny-fcven  from  the  place  whence  they  departed. 
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EHays  Political,  Economical,  and  Pbilofophical,  by  Benjamin  Count  of  Romford. 
Effays  VIII.  and  IX. 

THESE  two  EfTayi  have  been  before  publiftied  in  the  Philofophkal  Tranfaaions;  the 
one  as  long  ago  as  the  years  1 786  and  1 7pa,  and  the  other  in  1 798.  As  this  laft  is  inferteJ 
in  our  Journal,  Vol.  II.  p.  1*6,  it  will  be  unnecelTary  to  infcrt  its  contents  in  this  place> 
Both  will  be  highly  acceptable  to  the  poireflbrs  of  the  other  Eftays  of  the  Count,  to  complete 
the  collection  of  which  thcfe  were  wanted. 

The  contenis  of  the  eighth  Elfay  are.  Chap.  I.  An  Account  of  the  Inftruments  that  W«P8 
prepared  lor  malting  the  ptopofed  Experiments.  A  Thermometer  conftrmacd,  whole 
bulb  is  furroundcd  by  a.  Torricellian  Vacuum.  Heat  is  found  to  pal^  itk  a  Torricellian 
Vacuum  with  Greater  difficulty  than  in  Air.  Relative  condu£ling  Powers  of  a  TorriCelliaa 
Vseuum  and  of  Air  with  regard  to  Heat,  determined  by  Experiment.  Relative  cooduAing 
Powers  of  dry  Air  and  of  moift  Air.  Relative  conducing  Powers  of  Air  of  different  de- 
grees of  Dcnfity.  Relative  condufling  Power?  if  Mercury,  Water,  Air,  and  a  Torrieelliaa 
Vacuum.— Chap.  II.  The  relative  Warmth  of  various  Subftances  ufed  in  making  Artificial 
Clothing,  determined  by  Expeiiment.    Relative  Warmth  of  Coverings  of  the  fame  Thick- 
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ncfs,  and  formed  of  the  fame  Subftance,  but  of  different  Denfitic!.  Relative  Warmth  of 
Coverings  formed  of  equal  Quantities  of  the  fame  SuMlance,  difpofcd  in  diilcrcnl  ways. 
Experiments  made  with  a  view  to  determininjT  huw  f^r  the  Power  which  cetuin  Bodies 
pollefs  of  coiifimng  Heal  depends  on  their  Chemical  Properties.  Eicpeiiments  with  Char> 
coal,  withLainp-black,  with  Wood-afhcs,  Striking  Experiments  with  Semen  Lycopodti. 
All  thefe  Experiments  indicate  that  the  Air,  which  occupies  the  InierDices  of  fiuMtances 
ufcd  in  forming  Coverings  for  confininfj  Heat,  atSs  a  very  important  part  in  that  operauon. 
Thofe  SubRances  appear  to  prevent  tie  Air  from  conducing  the  Heal,  An  Enquiry  con- 
-ccniing  the  Manner  in  which  this  is  eft'eclud.  This  Enquiry  leads  to  a  Jecilive  Experiment, 
from  the  refult  of  which  it  appears  that  Air  is  a  perfect  Ncn-conducior  of  Heat.  Tni< 
Difcovery  affords  the  means  of  explaining  a  Variety  of  intcrcfting  Phenomena  in  th« 
(Economy  of  Nature. 

Tfaite  tJe  la  Sphere  et  du  Calendricr,  per  Rivard,  jme  Edition,  revue  et  augmenice  par 
JcrSme  Lalande,  i  vol.  8vo.  avec  GravurcS)  a  Paris.     A  Treaiife  on  tlie  Sphere  and 
the  Calendar,  by  Rivard,  reviled  and  augioeiiicd  by  Jeiome  Lalande,  i  vol.  8vo.   with 
Plates. 
THE  modern  advances  in  Aflronomy  rendered  it  neceflary  to  make  fome  alterations  in 

this  Work,   which  pofiefles  a  high  charaftcr  for  Perfpicuity  and  Accuracy.  Cit.  Lalande  haj 

correflcd  the  Tabic  of  Latitudes  and  Longitudes,  and  added  a  Chapter  on  Time,  befidet 

making  other  Improvements. 

Philofophy  of  Mineralogy.  By  Robert  Townfon,  LL.D.  F-R.  S,  Edin.  8vo,  219  pages, 
with  three  Engravings. 
THIS  performance  is  the  outline  of  a  larger  work  formerly  announced,  and  intended  ta 
liave  been  accompanied  by  a  colleiSion  of  fofTils,  but  which  did  not  meet  with  the  ex- 
pcftcd  fupport.  It  confifts  of  twelve  chapters.  The  three  firft  contain  an  inirodu£tion, 
with  an  account  of  the  fimple  elementary  fubftances  of  which  minerals  are  eompofed,  and 
the  laws  of  aggregation  and  combination  by  which  they  are  governed.  Thefe  arc  followed 
by  an  enumeration  of  compounds,  according  to  Dr.  Babington'g  excellent  "Syftemaiic 
Arrangement,"  and  four  chapters  refpeflively  treating  upon  Stratification,  the  Irregulaiitict 
«f  the  Earth's  Surface,  Veins,  and.  Petri  fad  ions.  The  Author  then  proceeiJs  to  conCder  the 
yaluc  and  ufe  of  the  external  chara£lers  of  Minerals  j  and  gives  a  very  ample  lerminology, 
confifling  of  the  appellations  in  Engliih,  Latin,  and  German,  with  their  coirefpondent  de- 
finitions, under  the  titles  of  Colour,  Figure,  Surface,  Luftre,  Texture,  Struflure,  Fraflurc, 
and  Fragments ;  Tranfparency,  Scratcli,  Score,  and  Soiling  j  Cohcfion,  Adhefion^Sound, 
Feel,  Coldnefs,  Denfity,  Smell,  Tafte,  and  Friability  ;  To  which  he  adds  the  Habitudes,  or 
Refults  of  Eiperiment.  Two  fubfcquent  chapters  indicate  the  ufe  of  thefe  terms  in  Claifi- 
ficalion,  Defcription,  and  Invcfligation  ;  with  fliort  Inftruftions  for  colledting  Specimens, 
and  forming  Cabinets.  The  concluding  chapter  contains  a  lift  of  near  three  hundred 
works  Qo  Mineralogjr. 
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Mr.  Park's  Travtis  h  Afrka. 


Proceedings  of  the   Aflbciation  for  promoting  ihc  Difcovcry  in  ihe  Interior  Parts  of 
Africa,  &c. 

Abdraaof  Mr.  Park's  Travels.     [Concluded  from  page  jji,] 

AFTER  travelling  upwards  of  anaoiith,afcendingby  thcGdcof  the  Niger  till  It  ceafcdttf 
be  navigable,  he  at  length  funic  under  his  fatigues,  and  the  difficulties  of  his  enterprife ;  and 
at  Kamalia,  Sve  liunJrod  miles  fliori  of  any  friemliy  country,  on  the  Gambia,  he  fell  into  a 
fevere  and  dangerous  (it  of  fickncfs.  If  in  [his  fituation  had  he  been  able  to  travel,  great 
part  of  his  way  by  through  a  dcfLTt.  He  had  therefore  no  other  refource  but  to  wait  for 
the  firft  carawnn  of  flivcs  which  might  trave!  the  fame  traclc.  Such  a  one  was  expefted  to 
pafs  through  Kamalia  at  the  end  of  three  months,  and  the  chief  direc^-or  relided  at  the 
place.  To  him,  therefore,  Mr.  Park  applied  ■,  and  for  the  value  of  one  (lave,  to  be  paid  on 
his  fafe  arriyal  at  the  Gambia,  this  vrorthy  negro,  whofc  name  was  Karfa  Taura,  not  only 
undertook  to  condud^  him  fafc  to  Pifania,  but  offered  him  likewife  the  accommodation  of- 
his  houfc  until  die  time  of  the  caravan's  departure.  Under  tliis  man's  roof  our  traveller 
was  confined  to  his  mat  (his  only  bed),  by  a  fcvcre  and  dangerous  fever,  for  upwards  of  j 
month.  Five  months  longer  was  Itc  detained  for  the  camvati.  During  this  long  interval^ 
not  a  murmur  efcapcd  the  lips  of  Karfa,  nor  of  any  of  his  wives,  at  the  trouble  and  expence 
which  their  inmate  brought  upon  them.  To  the  kind  attentions,  the  tender  folicitude,  the 
cheerful  alTiduit^-,  and  flowing  hofpitality,  of  ihcfc  poor  Pagans,  Mr.  Park  declares  that  he- 
is  indebted,  not  only  for  his  fafc  return  to  Great  Britain,  but  alfo  for  the  prcfcrvation  of 
his  life;  and  he  admits  that  lie  made  his  friend  Karfa  but  an  inadequate  return  (though 
the  beft  in  his  power),  by  prefentiog  him,  on  their  arrival  at  ihe  Gambia,  with  double  ihti 
fum  that  he  had  originally  promifcd. 

During  this  long  confinement  of  Mr.  Park,  lie  acquired  much  information  refpefling  the 
trade  in  flaves  and  gold-duft,  the  vegetable  produ£lions  of  Africa,  the  charafler  of  the  na- 
tives, their  agriculture  and  manufa£tures,  their  modes  of  living,  manners,  fu perditions, 
wars,  police,  and  government,  which  have  never  yet  been  competently  defcribed,  and  for 
which  we  muft  wait  for  the  appearance  of  lu&worli.  In  the  mean  time  it  may  be  re- 
marked, that  though  the  climate  on  tlie  borders  of  the  dcfert  is  prodigioufly  hot,  yet  in  the 
fouihern  di(lri£ls,  which  abound  with  wood  and  water,  the  climate  improves,  and  in  the 
mornings  and  evenings  the  air  is  ferene,  temperate  and  pleafant.  Some  of  the  vegetable 
produ£ls  have  been  noticed.  To  thefe  may  be  added  the  Lotus,  of  ancient  renown,  aiTbrd- 
ing  a  fmall,  yellow,  farinaceous  berry  about  the  fizc  of  an  olive,  which  being  pounded. 
in  a  wooden  vcfPel,  and  afterwards  dried  in  tlie  fun,  is  made  into  excellent  cakes  refcm- 
bling  the  fwccled  gingerbread.  Moft  of  the  edible  roots  of  the  Weit  Indies  are  likewife 
found  here,  together  with  indigo,  cotton  and  tobacco;  but  neither  the  fugar-cane^. 
coffee,  cacao,  the  pine-apple,  nor  a  variety  of  other  fruits,  were  fecn  by  him,  nor  known  to- 
the  natives.  Uncultivated  lands  belong  to  the  ftate  ;  but  in  other  rcfpeds  landed  property 
is  admitted,  without,  as  it  Ihould  appear,  any  particular  feoda!  or  other  limitations.  Among, 
their  manufaflures  may  be  reckoned,  an  excellent  beer  made  from  corn  ;  the  fabrics  of 
cotton  cloth,  which  are  dyed  with  indigo ;  the  tanning  of  leather,  which  is  (laincd  both 
yellow  and  red;  the  fmclting of  iron,  though  imperfedly  ;  and  the  cafling  and  working  of 
gold. 

Froiii> 


3tO  Hr.  ParVi  Travtlt  in  -^frita,  l^e. 

From  tbe  conduA  atid  cruelty  of  the  wars  between  the  petty  and  independent  dates  of 
Africa,  it  appears  that  ihofc  who  do  not  make  flaves  of  iheir  captives  put  them  to  dcilh. 
"With  regard  to  religion,  the  Mahometans  flicw  much  zeal  in  tcacliing  the  Negro  children 
to  read,  and  avail  themfelvcB  of  this  means  to  convert  them  from  Paganirm.  CircumciGon, 
which  is  notorioufly  more  ancient  and  eitenS?e  in  its  prevalence  than  the  religion  of  Mab 
hotnct,  is  praaifcrf  alfo  by  the  Negroes,  who  confidcr  it  rather  as  an  operation  of  phyfical 
than  religiona  neccffity.  The  conviflion  of  a  future  ftatc  of  rewards  and  puoiftiraents  wa» 
univerfally  prevalent  in  every  diftrifl  viGted  by  our  traveller. 

In  the  latter  end  of  April  1797,  the  caravan  being  completed,  and  Mr.  Park's  health 
perfcftly  rc-cftablifhed,  he  fct  out  from  Kamalia,  in  company  with  fcreniy  pcrfoiis,  of 
»bom  thirty-feven  only  were  Haves  for  fale.  On  the  4(h  of  June  they  fell  in  with  the 
river  Gambia ;  and  in  fit  days  more,  namely  on  the  loth,  Mr.  Park  had  the  fatisfa^lion  to 
enter  the  houfc  of  Dr.  Laidlcy,  from  which  he  had  fet  out  eighteen  months  before.  On 
ihe  isth  of  the  fame  month,  he  embarked  in  a  flare-Oilp  for  America  i  which  being  driven 
by  ftrcfs  of  weather  into  the  ifland  of  Antiguai  Mr.  Park  took  his  pafiage  from  thence  in 
s  TclTel  bound  to  Great  Britain,  and  on  the  2  jlh  of  December  arrived  fafely  in  London. 


•»*  The  rcfpeiftablc  Writer  of  a  Paper  on  the  Secondary  Foci  of  Lenfes,  is  informed, 
that  a  bad  fort  of  concave  Re!le£lort  has  long  fmce  been  conflru£lcd  and  fold  in  London  by 
filvering  one  furface  of  a  convex  lens  1  aod  that  it  is  probable  ihefe  foci  (which  are  eafiljr 
determined  from  the  curvatures  and  refraflivc  powers)  may  have  been  neglcfled  by  op» 
lical  writers,  becaufe  the  images  are  in  every  cafe  more  dilute  and  iodiftinfi  than  fuch  as  are 
produced  either  by  refra^ion,  or  reHe^ion  alone.  That  the  cfTeft  has  not  been  diftegard'- 
ed  at  a  fource  of  imperfcAion  in  lenfes,  may  be  feen  by  coofulttng  our  Journali  II.  133. 
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ARTICLE  I. 

Memoir  an  tie  Qimate  of  Ireland.  By  the  Rev.  WiLLIAM  HAMILTONy  ofPavet^  in  the 
County  of  Donegal  \  late  Fellow  of  Trinity  College ^  Dublin  \  M.R.LA.  CorrefpontUng  Mem^ 
her  of  the  Royal  Society  of  E^nburghy  is^c* 
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T  is  generally  fuppofed  that  the  feafons  in  our  ifland  have  firfered  a  confiderable  change, 
almoft  within  the  memory  of  the  prefent  generation.  The  winters  of  our  climate  are  faid 
to  have  laid  afide  their  ancient  horrors^  and  frequently  to  hare  aflumed  the  mildnefs  and 
vegetative  powers  of  fpring ;  while  fummer  is  reprefented  as  lefs  favourable  than  hereto- 
fore, lefs  genial  in  promoting  vegetation^  and  lefs  vigorous  in  forwarding  the  fruits  of  the 
earth  to  maturity. 

It  is  indeed  true,  that  in  this  inftance  popular  opinion  docs  not  (land  fupported  by  the 
concurrent  teftimony  of  meteorological  obfcrvations :  there  is  no  clear  evidence  derivable 
from  them,  that  the  prefent  feafons  are  materially  different  from  former  ones ;  and  therefore 
philofophers  and  meteorologifts  naturally  afcribe  to  the  querulous  difpofition  of  the  farmer, 
the  chill  fenfations  of  old  age,  or  the  prediledion  which  every  one  feels  for  the  cheerful  days 
of  childhood,  the  adoption  of  an  opinion  that  feems  fo  eafily  to  flow  from  thefe  fources. 

But  let  it  be  remembered,  that  the  inftruments  of  acmofpherical  obfcrvations  do  not  ex* 
tend  to  all  the  circumftances  which  influence  the  crops  of  the  farmer,  or  the  fenfations  of 
the  man.  The  thermometer  may  mark  the  general  temperature  of  our  climate  as  un- 
changeable i  and  the  pluviometer  may  afcertain  its  ufual  moifture  \  whilft  a  clouded  atmofphere 
or  a  tempeftuous  wind  (hall  mar  the  progre(rive  maturity  of  harve(l|  and  ihatter  the  languid 
frame  of  declining  age. 

•  Xn(h  Acad.  VI. 
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HTat  and  cold  and  rains  are,  indeed,  principals  in  the  economy  of  feafons ;  but  winds, 
clouds,  vapours,  and  other  circlim fiances  rarely  regiftered,  often  unpcrceived,  arc  to  be 
deemed  at  lead  ancillary  in  the  extenfive  fyftem ;  and  may  give  plauGbility  to  popular  fen- 
fations  and  opinions,  even  without  the  aid  of  meteorological  teftimony. 

It  is  the  purpofe  of  this  paper  to  offer  to  the  Academy  fame  obfervations  relating  to  this 
interefting  fubjeft  ;  and  to  mark  a  few  prominent  events  in  the  phenomena  of  our  cUmate, 
which  may  add  credibility  to  general  report. 

.•  ;  Of  tie  Winds,  and  thiir  ^^ai. 

#  ■  *        * 

THE  winds  which  moftufually  prevail  in  our  latitudes  blow  from  the  weftward,  for  rca- 
fons  unneceflary  to  be  detailed  here.  Thefe  winds  arc  commonly  mild  in  their  tempera^ 
ture,  and  moift  in  their  nature.  They  arc  from  thefe  properties  extremely  friendly  to  ani- 
mal and  vegetable  life ;  and  to  them  the  great  population  of  Ireland,  and  the  uncommon 
fertility  of  its  foil,  may  anv)ng  natural  caufes  be  afcribed. 

But  from  whatever  circumftances  it  has  arifen,  thefe  winds  have  of  late  years  fwept  with 
uncommon  violence  over  the  furface  of  our  ifland  ;  fruftrating  the  ufual  cffcfls  of  their  ge- 
nial'properties  by  the  overbearing  fury  of  their  courfe  ^  and,  like  Saturn,  fometimes  devouring 
the  offspring  to  which  themfelves  had  given  birth. 

Why  thefe  wefterly  winds  have  ceafed  to  bev  the  charafter  of  zephyrs  may  admit  of 
much  curious  and  interefting  inveftfgation :  at  prefent  I  (hall  be  fatisfied  with  endeavour- 
iifg  to  eftablUh  ^he  fa£b  itfel^  by  faggelUng  to  tbe  Academy  feme  circumitaxioes  that  tcttat 
tQ  determine  the  matter  with  a  very  great  degree  of  probability. 

The  effeds  of  thefe  winds  are  marked  in  vifible  chara&ers  over  the  whole  furface  of  the 
kingdom  i  but  they  are  peculiarly  diftinguifhable  in  the  northern  province  of  Ulfter ;  zod 
diicfly'in  the  Extreme  coaniiies  of  that  province,  where  a  northerly  latitude,  joined  to  an  elc- 
l^fed  fitoatkm  on  the  coafis  of  the  ocoan,  forms  an  apt  ftatibn.for  obfervations,  and^etUbilt 
as  it  were  on  a  magnified  icale  the  degrees  of  the  phenomena  themfelves. 

Three  natural  regiflers  of  thefe  efieds  have  come  within  my  obfervadon ;  the  trees  of 
the  country,  the  fands  of  the  fea-coaft,  and  the  tides  of  the  ocean :  of  each  of  the£c  1  iball 
make  mention  in  its  order. 

Of  tie  Trees. 

IT  IS  a  fa£l  extremely  well  eftabliflied,  that  the  pine-tree,  peculiarly  that  fpecies  vulgarly 
denominated  the  Scotch  fir,  formerly  grew  on  many  of  the  mountains  of  this  kingdom,  and 
on  parts  of  the  northern  and  weftern  coafts,  exceedingly  bare  and  open  to  ftorms.  Vaft 
roots  and  noble  trunks  of  this  fpecies  of  pine  have  been  feen  and  examined  by  me  with  at- 
tention, in  fituations  where  human  induftry  cannot  now  rear  a  twig  of  the  hardieft  tree; 
On  the  higheft  lands  of  the  general  furface  of  the  kingdom,  in  the  county  of  Weftmeath, 
amid  the  mountains  of  the  county  of  Antrim,  and  on  the  naked  coafts  of  Enifliowen  and 
'RofTes,  in  the  county  of  Donegal,  pine-trees  have  formerly  arrived  at  an  age  of  an  hundred 
and  twenty  years,  have  grown  to  the  fize  of  a  yard  in  diameter,  and  furpafTed  fifty  feet  in 
height. 

There  is  great  reafon  to  think  that  two  centuries  I^nve  hardly  elapfcd  (ince  many  of  thefe 
trees  grew  in  thofe  fituations  j  and  probable  rcafoi;*  i*nght  be  adduced  to  limit  the  great  pe- 
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riod  of  their  deftru Aion  to  the  age  of  James  the  firft  of  England.  In  thofc  reigns,  rewards 
were  held  out  for  fettling  the  kingdom,  and  clearing  its  furface  of  forefts,  which  under  fa^ 
vour  of  inceifant  wars  and  negleded  tillage^  during  a  period  of  eight  centuriesi  had  over« 
fprcad  the  face  of  the  country*. 

The  harfh  and  furrowed  bark  of  this  pine  has  occurred  to  me  in  fuch  a  perfeA  (late  of 
prefervation  as  almoft  alone  to  determine  its  fpeciesf . 

The  cones  have  been  found  by  me  at  a  depth  of  many  feet  from  the  furface  of  the  earth, 
in  fuch  condition  as  almoft  to  give  hope  of  raiHng  plants  from  their  feed  %.  Marks  of  the 
woodman's  hatchet  on  their  trunks ;  veftiges  of  fire  applied  for  their  deftru6iion  ;  and  pieces 
of  charcoal  into  which  many  of  them  have  been  burnt  $  \  paleings  and  fmall  enclofures  found 
at  the  level  where  they  have  formerly  grown  ||. 

Leathern  fhoes,  wooden  veflels  filled  with  butter  and  other  light  fubftances  found  at  conr 
Cderable  depths  in  turf  bogs**,  and  not  likely  to  have  defcended  through  the  matted  texture 
of  that  fubftance,  give  additional  teftimony  to  the  opinion  that  the  exiftence  of  thefe  bogSp 
and  of  courfe  that  of  the  trees  which  they  contain,  is  not  of  a^n  extremely  ancient  date. 

It  is  needlefs  to  recall  the  attention  of  the  Academy  to  the  difficulty  of  raifing  trees,  at 
prefent,  in  many  of  thofe  fituations  where  the  ancient  pine  and  oak  of  Ireland  have  within 
the  period  of  human  exiftence  flouriftied  with  luxuriance. 

The  labours  of  the  farmer,  the  refources  of  wealth  and  information,  the  rewards  of 
patriotic  focieties,  and  even  the  liberal  encouragement  of  the  legiflature  itfelf,  have  in  Tain 
ftruggled  againft  the  weftern  ftorms  during  the  latter  part  of  the  prefent  century ;  and  the 
planters  of  our  age,  wearied  with  combating  the  tempeft,  have  generally  found  it  neceflarf 
to  fly  from  all  elevated  and  expofed  fituations,  and  to  abandon  the  pleafing  idea  of  covering 
the  nakednefs  of  mountains,  the  fterilitj  of  rocks,  and  the  bleak  uniformity  of  bogs,  with 
the  luxuriant  foliage  of  the  oak  and  the  pine. 

Of  all  the  foreft  trees  which  in  later  times  have  been  cultivated  for  general  ufe,  there  is 
none  higher  in  the  eftimation  of  our  farmers  than  the  aih.  It  is  a  tree  which  buds  late,  but 
finally  ifiues  forth  ftrong  and  fucculeHt  (hpots :  fecnre  by  its  deciduous  nature  from  wintry 
blafts,  it  is  neverthelefs  extremely  fenfible  to  the  efibrts  of  fummer  ftorms;  and  becomes 

•  <<  In  this  reign  ipe-ftaves  was  one  of  the  ordinary  exports  of  Ireland ;  to  that  a  mighty  trade  was  driren 
with  thera,  and  thoufands  of  trees  were  felled  every  year  for  this  purpofe.  A  multitude  of  iron-mills  were 
erected ;  and  it  is  incredible  how  much  charcoal  a  ftngle  iron*mill  will  confUme  in  one  year.  So  that  all  the 
great  woods  which  the  maps  ihew  us,  on  the  mountains  between  Dundalk  and  Newry,  arc  quire  vaciHied,  ex^ 
ccpt  one  tree  ciofe  to  the  highway^  at  the  very  top  of  the  mountain^  which,  as  it  may  be  (een  a  great  way  oft, 
therefore  fcrvcth  travellers  for  a  mark/'-—— 

"Yet  there  are  ftil!  great  woods  remaining  in  Dunnagall,  in  Tyrone,  in  Antrim,  &c.**  See  Nat.  Hid.  of 
Ireland,  by  Boatesi  MoUeneux,  and  others,  written  about  the  middle  of  the  laft  century. 

f  In  Bracknabteilin  bog,  county  of  Weftmeath. 

}  In  Lackbeg  oog,  near  Rutland,  county  of  Donegal. 

{  Found  in  a  bog  in  the  liberties  of  the  city  of  Londonderry. 

II  In  a  bog  near  Surock,  county  of  Weftmeath  j  near  Kilruih,  couaty  of  Clare  \  at  Carniik,  near  Ramelton, 
county  of  Donegal. 

^'^  Omitting  other  ioftances,  two  wooden  veiTels  containing  butter  were  very  lately  found  deep  in  a  turf  bogt 
in  the  Fews  Mountains,  near  Ballymoire,  the  feat  of  Sir  Walter  Synnbtt«  The  veiTels  were  extremely  inanili* 
•cial,  being  little  better  than  the  hollow  trunks  of  fome  large  fpecies  df  willow :  the  butter  was  infipid,  inodo- 
rous, oolourleis,  (bmewhat  re(embling  un£bious  white  fteatites  in  its  touch  and  appearance ;  but  its  inflamm&« 
kiXxVf  retDaiaed.fo  perfect,  at  to  admit  of  its  being  made  into  candles,  to  which  ufie  much  of  it  was  applied. 

3  D  {^  a  faithful 


'^'j^  DfJlruHkn  of  Corporate  Tovjh  if  Bannovf^  and 

i'f^itliful  regiftcf  of  the  winds  of  our  climate,  marking  their  moft  prevalent  dire^bion  bf 
the  inclination  of  it$  boughs,  and  their  violence,  by  the  degree  wherein  its  tender  (boot» 
bV  frtore  mature  branches  arc  withered  or  blafted. 

1  lair  a  century  has  fcarce  clapfed  fince  this  ufeful  fpecies  of  tree  was  generally  planted, 
and  grew  luxuriantly  in  every  part  of  Ireland :  yet  are  there  hardly  any  expofed  places  in 
the  kingdom  where  its  top  branches  do  not  now  in  one  part  or  another  exhibit  the  witliered 
Velllges  of  commencing  decay.  Through  many  parts  of  Ulfter  it  is  a  blafted  tree;  and  in 
Vil  unfheltered  fituations  in  the  three  northern  counties  of  Antrim,  Derry,  and  Donegal^ 
the  fpecies  fccms  faft  verging  toward  annihilation*. 

Artentive  to  each  prognoftic  of  the  feafons,  alive  to  every  circumflance  whereon  the  fu<* 
ture  fubfiftence  of  his  nujnerous  family  in  a  populous  country  may  depend,  the  farmer  of 
the  north  fees  thefe  veftiges  of  the  tempeft  with  folicitudc ;  and  often  taught  of  late  to  dread 
the  cfFcdls  of  fummer  ftorms  on  his  luxuriant  crops  of  potatoes,  he  has  become  querulous 
from  experience,  and  thinks  he  has  fome  reafon  to  complain  that  the  feafons  are  lefs  fa*- 
vourable  to  his  hopes  than  formerly ;  that  the  pine-tree  has  not  forfaken  the  mountains^  nor 
the  a(h  been  blaited  in  his  fields,  without  the  influence  of  increafing  tempeits. 

Ofth€  Sands. 

THE  wade  and  dreary  folitude  of  extended  barren  fands  which  almoft  every  fea-coaft  ex- 
hibits, is  generally  paiFcd  over  with  rapidity,  as  ufelefs  to  the  philofopher  from  the  in- 
calculable flu£tuation  of  its  furface,  and  wearifome  to  the  traveller  by  its  difgufting  uni- 
formity. 

Tet,  in  the  midfl  of  fuch  a  fterile  fcene,  where  nothing  occurs  to  divert  the  path  or  diC- 
tra£t  the  penfive  mind  of  the  traveller,  if  traces  of  human  exlftence  (hould  fuddenly  become 
vifible ;  if  enclofures  (hould  appear,  to  mark  the  cheerful  fire-fide  of  fome  former  villager^ 
or  the  circuit  of  his  little  garden ;  if  embattled  walls  or  marble  piers  (hould  ftart  up  amid 
the  fands,  fuggefiing  ideas  of  ancient  elegance  and  feftivity ;  he  muft  have  a  Stoic's  mind^ 
indeed,  who  will  not  venture  to  calculate  caufes,  and  feel  interefted  in  events,  that  come 
home  fo  clofdy  to  the  human  heart. 

On  many  parts  of  the  coaft  of  Ireland  fcenes  fuch  as  thefe  may  be  difcovered. 

At  the  entrance  of  the  river  Bannow,  in  the  celebrated  barony  of  Forth  in  the  countjr 
of  Wexford,  veftiges  of  ruins,  traced  with  difficulty  amid  the  heaps  of  barren  fand,  fervc. 
to  afcertain  the  fite  of  a  town,  whofe  ancient  refpe^ability  was  marked  by  the  royal  charter^ 
which  endowed  it  with  the  privilege  of  fending  reprefentatives  to  the  parliament  of  the- 
nation,  and  whofe  opulence  may  be  inferred  from  the  ftreets  which  arc  regiftercd  in  the  rt^ 
venue  records  of  the  laft  century  f . 

•  In  Lancafliirc,  in  England,  between  Garftang  and  Prefton,  the  trees  trc  alfo  cut  off  by  the  wefterly  windt^ 
See  Ncwte's  Tour,  year  1791. 

f  "  So  late  as  the  year  i6i6,  Bannow  is  regiftered  in  the  cuftom-houfe  books  of  Wexford,  as  having  four 
ftreets  which  paid  quit-rent  to  the  crown,  viz.  Lady-ftrect,  High-ftrect,  Weavcrs-ftrcct,  Little-ftreet,  and  fome 
Wildngs  furrounding  the  church.  The  only  remains  of  Bannow  which  ftand  vifible  at  this  day  (1786)  are 
the  walls  of  its  church.  There  is  not  on  or  near  the  town  but  one  poor  folitary  hut.  The  eledlion  far  the  re- 
prefentatives of  the  town  is  held  on  the  walls  of  an  old  chimney  adjoining  to  the  church,  which  tumbled  down 
piecc-Dieal,  and  forms  the  wuncil-teblc  of  that  ancient  and  loyal  corporation." 

Frlvatc  Letter  of  a  Friend  in  tbf  County  of  Wexfe/rd. 
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Amid  the  fands  between  l^ortrufh  and  Dunluce,  in  the  county  of  Antrim,  in  the  year 
1783,  the  ruins  of  a  village  might  be  feen  deferted  by  its  inhabitants,  who  had  been  obU* 
ged  to  move  further  into  the  country. 

In  the  year  1787,  the  peninfula  of  Hornhead,  in  the  county  of  Donegal,  contained  vef- 
tiges  of  enclofures  fo  fmall  and  fo  numerous  as  to  mark  the  refidence  of  a  confiderablc 
number  of  human  families,  in  a  fpot  which  exhibited  nothing  but 

"  a  defert,  fait  and  bare, 

"  The  haunt  of  feals  and  ores,  and  fea-mews  clang."         Milto?i. 

Somewhat  about  a  century  ago,  the  peninfula  of  Roflgull,  lying  between  the  harbours- 
of  Sheep-haven  and  Mulroy,  in  the  county  of  Donegal,  was  fele£led  as  the  refidcncc  of 
one  of  the  noble  families  of  Hamilton,  titled  Boyne.  It  is  to  be  prefumed  there  was  then 
but  little  apprehenfion,  that  the  elegant  edifice  of  that  9ge  fhould,  after  the  fliort  interval 
of  an  hundred  years,  Hand,  like  Tadmor  of  the  Eaft,  the  folitary  wonder  of  a  furround* 
ing  defert. 

For  the  age  wherein  it  was  built,  and  -the  (lyle  of  architeflure  of  that  day,  the  man- 
fion  of  Rofeapenna  may  be  called  elegant.  The  approach  was  from  a  level  green  on  the 
fliore,  through  a  fucccflion  of  embattled  courts  and  hanging  terraqes,  rifing  in  order  one 
above  the  other,  and  adorned  with  marble  piers  of  no  mean  defign  and  workmanfliip- 

The  rear  was  ornamented  with  gardens  laid  out  and  planted  in  the  fafhion  of  the  lad. 
century ;  and  the  parks  and  fields  of  the  demefne  feem  to  have  been  well  divided  and 
enclofed. 

At  prefent,  every  objeft  in  this  place  prefents  to  view  peculiar  chara£ter$  of  dcfolatiom 
The  gardens  are  totally  denuded  of  trees  and  (hrubs,  by  the  fury  of  the  wcftcrn  winds  :• 
their  walls,  unable  to  fuftain  the  mafs  of  overbearing  fands,  have  bent  before  the  accumu- 
lated preiTure,  and,  overthrown  in  numberlefs  places,  have  given  free  pafTage  to  this  reft* 
lefs  enemy  to  all  fertility.  'The  courts,  the  flights  of  (leps,  the  terraces,  are  all  involved 
in  equal  ruin,  and  their  limits  only  difcoverable  by  tops  of  embattled  walls  vifiblc  amid 

hills  of  fand. 

The  manfion  itfelf,  yielding  to  the  unconquerable  fury  of  the  temped,  approaches  faft  ta 
de(lru£lion :  the  freighted  whirlwind,  howling  through  every  avenue  and  crevice,  bears 
incefifantly  along  its  drifted  burthen,  which  has  already  filled  the  lower  apartments  of  the 
building,  and  begins  now  to  rife  above  the  once  elevated  threiholds.  Fields,  fences,  vil- 
lages, involved  in  common  defolation,  are  reduced  to  one  undidinguifiiable  fcene  of  flerile 
uniformity  ;  and  twelve  hundred  acres  of  land  are  faid  thus  to  have  been  buried  within  a 

ihort  period  in  irrecoverable  ruin  *. 

Hence 

*  It  would  be  teaiing  to  dwell  on  a  repetition  of  (imilar  examples.  I  fhall  juft  mention  two  others  : — In  1 
fummer  excurfion  from  College  in  the  year  1787,  pailing  from  Dunfiinaghy  to  Rutland,  along  the  wcftem  coaft 
of  Donegal,  I  had  great  di(Hcuity  to  difcover  a  houfe  fituated  between  the  river  Guidore  and  the  Roflcs  iflands, 
whither  I  had  been  directed  to  enquire  for  a  guide ;  and  after  much  fearch  at  length  perceived  its  roof  juft  emerg- 
ing fiom  the  fands.  The  owner  told  me  that  his  houfe  was  not  long  built,  and  had  at  Brft  a  confiderable  cra£tof 
pafture  ground  between  it  aiid  the  fea-ihore ;  but  that  of  late  he  was  every  year  obliged  with  great  labour  to  dig 
it  out  of  the  encroaching  fands,  and  purpofed  fhortly  to  remove  it  to  the  oppo(ite  Ihorc  of  a  lake*  called  MqU 

Ipcbde^rg^  which  lay  behind  the  houfe,  ia  defpair  of  being  able  to  maintain  bis  prefent  fituation. 

A  dlfpute4. 


3<6  *'  Change  of  CHmati  In  Ireland* 

Hence  it  appears,  that  intercfting  natural  events,  the  confequenec  of  ftorms,  have  oecur- 
red  on  our  coafts  in  the  latter  part  of  the  prefcnt  century,  which  were  not  forefeen,  nor 
i  even  fufpeded,  at  its  commencement. 

Of  the  7 ides. 

IT  cannot  be  wondered  at  if  thefe  tempeRs  (hould  have  had  conGderable  effeft  on  the 
tides  of  the  ocean.  The  waters  of  that  element,  as  long  as  they  are  unimpeded  by  extra- 
neous caufes,  obey  the  influence  of  the  heavenly  luminaries,  and  ebb  and  flow  with  degrees 
of  quantity  and  regularity  of  periods  which  come  within  the  reach  of  human  calculation. 
But,  when  they  are  agitated  by  ftorms  or  other  violent  convulfions,  their  quantities  and 
periods  become  altogether  uncertain  and  incalculable. 

Generally  fpeaking,  agitation  of  the  ocean,  from  whatever  caufe  it  may  arife,  producer 
increafe  in  the  influx  and  reflux  of  its  tides,  a»well  as  deviation  from  their  calculated  times; 
and  where  the  movement  of  this  extraneous  influence  coincides  with  the  natural  diredlion  * 
of  the  waters,  the  eflre£ls  are  vifibly  diftinguifliable  by  the  traces  of  inundation  which  at« 
tend  their  unufual  progrefs. 

As  the  tides  of  our  coaft  raifed  in  the  Atlantic  ocean  flow  in  upon  us  from  the  weft- 
ward,  a  ftorm  from  that  quarter  invariably  gives  them  an  uncommon  elevation  in  our  har- 
bours ;  and  this  accumulation  of  waters  fometimes  anticipates  the  tempeft  itfelf,  becoming 
the  forerunner  and  prognoftic  of  its  diftant  commencement  and  approaching  impetuofity. 

Of  late  years  thefe  extraordinary  influxes  of  the  ocean  have  been  much  greater  and*  more 
frequent  than  formerly;  Every  perfon  on  our  coafts,  whofe  fituation  has  made  the  conftmc- 
cion  or  prefervation  of  embankments  againft  them  neceflary,  knows,  by  painful  experience^ 
how  much  his  labours  have  of  late  years  increafed,  and  how  impotent  works  formerly 
efie£tual  are  now  found  to  be  in  repelling  the  increafing  tides  of  the  prefent  day.  Public 
roads  encroached  on  \  walls  beaten  down  ;  ftrands  lefs  paflTable  than  heretofore ;  meadow 
and  tillage  land  oftener  and  more  deeply  inundated  \  all  concur  to  prove  increafing  tides 
and  frequency  of  ftorms  on  our  coafts. 

Thefe  phenomena  faithfully  regiftered,  extenfively  and  diftinflly  delineated  in  natural 
charaders,  independent  of  every  bias  from  human  fyftem  or  prejudice,  free  from  the  un- 
certainty of  cafual  records  or  the  locality  of  peculiar  ftations  for  obfervation,  teem  direfUj 
to  demonftrate  an  unufual  and  increafing  violence  in  the  winds  of  our  climate  during  the 
prefent  century.  That  thefe  tempefts  have  chiefly  borne  upon  us  from  the  weftward  is 
plain,  from  the  fame  general  appearances :  for,  where  local  circumftances  have  not  dire£lly 
interfered  in  oppofition,  the  trees,  fhrinking  before  the  prefliire  from  the  ocean,  have  uni- 
verfally  yielded  to  the  weftern  blaft.  The  fands  have  drifted,  and  the  tides  ruflied  upon  us 
from  the  fame  quarter,  evidently  dcmonftrating  the  more  frequent  recurrence  and  fuperior 
potency  of  the  Atlantic  ftorms. 

[To  be  continued.] 

A  difputed  boundary  in  Favet,  on  the  wirihcrn  coaft  of  the  fame  country,  between  the  tenants  of  one  of  my 
own  glebes  and  the  neighbouring  peafants,  is  afcertained  by  a  heap  of  iron  rcori»  in  the  mid  ft  of  lc»ofe  and 
ihifting  fands.  Thirty  or  forty  years  ago,  there  ftood  here  the  forge  of  the  village ;  but  no  remains  of  it,  or 
its  fmith,  are  now  difcoverable,  except  the  cinders  of  the  forge,  and  the  rank  weeds  that  fpting  from  a  rich 
ftratum  of  earth,  once  the  (oil  of  his  garden,  aod  Aill  vifible  in  a  hillock  of  (and* 

II.  AnalifU 


^^ff f  vfthi  Sibtrian  Red  Leadw  J87 


n. 


Ahal^ii  of  the  Red  Lead  of  Siberia  j  with  Experiments  on  the  new  Metal  it  contains*   By  Ctizen 

VAU^ELJNy  InfpeElor  of  Ores*,  and  Confervator  of  Chemical  ProduSfs  at  the  Mineralo^ 

gical  School  f . 

In  ar6iam  coa6bi  renira  natune  majeilas.     Plin. 


T> 


SECTION  h—Htyiorical  Faffs. 


H  E  foflll  known  by  the  name  of  red  lead  was  difcovercd  In  1770,  by  .M.  Pallas,  in 
the.  gold-mine  of  Berefof,  near  Ecatherineburg  in  Siberia,  in  the  form  of  four-fidcd  prifms, 
with  or  without  pyramidal  terminations,  of  a  beautiful  orange  red,  commonly  fixed  in  a 
quartzofe  matrix,  to  which  they  fo  ftrongly  adhere  as  not  to  be  detached  without  difficulty. 

All  the  fpecimens  of  this  fubftance  which  are  to  be  found  in  the  feveral  mineralogical 
cabinets  in  EiUK)pe  were  obtained  from  this  gold-mine  ;  which  indicates,  that  it  was  for- 
merly abundant ;  but  it  is,£aid,  that  for  fome  years  pale  it  has  become  very  fcarce,  and  that 
at  prefent  it  is  bought  for  its  weight  in  gold,  cfpecially  if  pure  and  regularly  formed.    The 
fpecimens  which  do  not  poiTefs  the  regular  figure,  or  are  broken  into  fragments,  are  appro- 
priated to  painting,  in  which  art  this  fubftance  is  of  high  value  for  its  beautiful  orange  yel- 
low colour,  its  unchangeaUenefs  in  the  air,  and  the  facility  with  which  it  can  be  levigated 
with  oiL    The  following  are  the  expreffions  of  M.  Pallas,  who  fpeaks  of  this  mineral,  in  his 
Travels  in  the  year  1770,  under  the  article  of  the  Gold-mine  of  Pifchminfkoi,  tom.  ii, 
page  235  : — "  A  very  remarkable  red  ore  of  lead  is  likewife  worked  at  this  place,  which 
Jias  not  yet  been  found  in  any  other  mine  af  the  empire,  nor  clfewhere.     This  ore  of  lead 
is  weighty,  of  various  colours ;  fometimes  of  a  cinnabar  red,  and  femi-tranfparent.     It  Is 
fixed  In  long  or  (hort  cryftals  in  the  clefts  of  quartz,  and  alfo  in  the  bed  of  the  mine,  which 
Is  a  fand-ftone.    It  Tery  frequently  pofTefles,  and  every  where  when  the  fpace  permits,  the 
fame  thickncfs  and  prifmatic  form,  with  four  plane  faces  and  two  extremities  irregularly 
truncated.     It  is  likewife  found  In  fmall  irregular  contorted  pyramids  attached  to  quartz, 
and  refembling  fmall  rulues.    By  reducing  it  to  powder  it  affords  a  beautiful  guhr  of  a  deep' 
yellow  colour,  which  may  be  ufed  In  miniature  painting.    In  all  the  effays  of  this  lead  ore 
vin  the  laboratories  of  Ecatherineburg  a  fmall  portion  of  (ilver  has  been  obtained.    It  pro«-^ 
duces  more  than  half  its  weight  (valeur)  m  lead.     Mr.  Lehman  dould  not  afcertain  whe^ 
ther  this  bley-fpath  did  or  did  not  contain  filver,  becaufe  his  experiments  were  made  on 
too  fmall  a  fcale  to  render  that  metal  perceptible.     It  i»  difficult  at  prefent  to  procure  the 
neceffary  quantity  for  trials  in  great,  becaufe  the  miners  do  not  often  work  in  the  place 
where  this  ore  is  found,  for  want  of  air.     In  the  mixed  gangues  of  quartz  in  which  this- 
rare  and  curious  mineral  is  formed,  there  are  found  fmall  cryftals  pointed  at  each  end,  and 
of  the  colour  of  fulphyr.     They  refemble  native  fulphur,  and  are  confidered  as  fuch  by  the 
miners  5  but  they  do  not  burn  in  the  fire,  nor  decrepitate  before  the  flame,  like  the  ore  of 
lead.  This  may,  perhaps,  be  a  metallic  fpar ;  but  it  is  difficult  to  procure  the  quantity  ne*« 
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ceflary  for  examination.    Thefe  fmaU  cryllals  are  found  on  the  fand-ftonc  as  well  as  on  the 

quartz. 

**  I  can  give  no  other  detail  refpefting  thefe  mineralsi  which  will  not  fpecdily  be  cx-^ 

ha'ufted  in  this  country,  unlcfs  the  veins  fhould  extend  themfclves  to  a  great  depth/' 

SECTION   II. 

Account  of  the  Experiments  formerly  made  on  the  Siberian  Red  Lead. 

THE  beautiful  red  colour,  tranfparency,  and  cryflallinc  figure,  of  the  Siberian  red  lead 
ibon  induced  mineralogifls  and  chemids  to  make  enquiries  intOj  its  nature.  The  place 
of  its  difcovery,  its  fpecific  gravity,  and  the  lead  ore  which  accompanies  it,  produced  an 
immediate  fufpicion  of  the  prefence  of  that  metal ;  but,  as  lead  had  never  been  found  in 
pofleflion  of  the  chara£)eri(lic  properties  of  this  Siberian  ore,  they  thought,  with  jufticej 
;that  it  was  mineralized  by  fome  other  fubftance ;  and  Lehman,  who  firft  fubje£ted  ic  ^ 
chemical  analyfis,  aiTerted,  in  a  Latin  diiTertation  printed  at  Peterfburgh  in  1766  (I  fup* 
pofe  1786:,  that  the  mineralifers  were  arfenic  and  fulphur. 

In  1789  Citizen  Maquart  undertook  a  long  courfe  of  experiments,  in  which  I  had  the 
advantage  to  participate,  as  he  has  been  pleafed  to  mention  in  the  introdudlion  to  his  work 
entitled  EJfais  de  Mineralogie  du  Nord,  The  objef^  of  thefe  experiments  was  to  determine 
the  nature  of  the  mineralifer  of  red  lead.  We  fought  in  vain  for  the  prefence  of  arfenic  ; 
but,  by  an  error,  ariflng  from  the  (late  of  chemical  knowledge  at  that  time^  we  con^ 
Cdered  the  red  lead  ore  as  a  combination  of  fuper-oxygenated  lead,  iron  and  alumine. 

Since  that  time  Bindheim  affirmed,  that  he  had  found  it  to  contain  molybdic  acidj  ironj 
nickel,  cobalt,  and  copper. 

From  the  confideration  of  thefe  refults,  fo  diametrically  oppofite  to  each  other,  and  under 
the  encouraging  confideration  of  the  immenfe  progrefs  cf  chemical  fcience  fince  the  rcno* 
nation  of  its  language  and  the  re£lification  of  its  theory,  and  venturing  likewife  to  place 
fome  dependance  on  the  flight  experience  I  have  acquired  in  the  art  of  eflaying  (ince  I  had 
the  advantage  of  belonging  to  the  eftablifliment  of  mines,  I  thought  proper  to  fubmit  this 
fubdance  to  a  new  examination.  My  labours  have  not  been  without  their  recompenfe  ; 
and  I  hope  to  prove,  in  the  following  paragraphs,  that  all  which  has  hitherto  been  afleited 
with  regard  to  the  mineralifer  of  the  Siberian  red  lead  is  entirely  deditute  of  foundation  | 
that  it  contains  neither  arfenic,  as  Lehman  pretended ;  nor  the  molybdic  acid,  and  the  three 
or  four  metals,  announced  by  Bindheim*,  nor  iron  nor  clay,  as  Maquart  and  myfelf  ima^ 
gined  -,  but  a  new  metal,  pofleiEng  properties  entirely  unlike  thofe  of  any  other  metaL 

SECTION  In. 

The  new  Methods  of  Anal^ts  applied  to  the  Red  Lead  of  Siberia. 
THE  fcience  of  chemiftry  is  at  prefent  founded  upon  principles  fo  certain,  that,  when  the 
operator  has  reafon  to  form  a  prefumption  refpefting  the  nature  of  a  compound  body,  it  is 
pofFible  to  difcovcr,  by  mere  indu£lion,  the  means  which  are  moft  likely  to  feparateits  ele- 
ments. Thus,  from  the  fufpicion  that  an  acid  might  exift  in  the  compofition  of  the  red 
lead,  I  concluded  that  1  might  decompofe  it  in  the  way  of  double  affinity  j  and  the  refult 
pf  my  expcrimcms  confirms  the  indications  of  theory. 
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Sxptriaitiit  t.*-too  pans  of  this  mineral  reduced  to  a  line  powder  were  mixed  with 
300  parts  of  faturatcd  carbonate  of  poiafli;  and  tliis  mixture,  togeilnT  with  about  4000 
parts  of  water,  wM  boiled  for  an  hour.  I  obferved  that,  I.  as  foon  as  the  rc-aflion  of  the 
principles  began,  a  llrong  ciFervefcence  was  produced,  which  laftcd  for  a  long  time  j  2.  the 
orange  colour  of  the  lead  became  a  briclcduft  red  (3,  at  a  certain  period  the  whole  ap- 
peared to  be  in  foiution  i  4.  in  proportion  as  the  e(fer»efcence  proceeded,  a  coarle  powder 
of  a  dirty  yellow  colour  was  thrown  down  \  ;,  and  laftlf,  the  fluid  alTumed  a  very  tine 
golden  yellow  colour. 

As  foon  a«  the  effervefcencc  had  entirely  ceafcd,  and  the  re-n^ion  appeared  to  have  ter- 
minated, the  fluid  was  filtered,  and  the  metallic  powder  colle^ed.  After  wafhing  and 
drying,  it  WM  found  to  weigh  only  78  parts  ^  the  potafli  had  therefore  taken  up  21 
parts. 

Eiferimt'ii  1. — Upon  the  78  pans  lull  mentioned  I  poured  nitric  acid  diluted  with 
la  parts  of  water.  A  ftrong  effervcfcunce  followed  i  the  greateft  part  of  the  matter  was 
dilTolved  ;  the  fluid  did  not  acquire  any  colour  \  and  the  undlflTolved  residue  confided  of  2 
Cnall  quantity  of  lemon-coloured  powder-  I  feparatcd  (he  fluid  part  from  the  refiduc  by 
mean!  of  a  fyphon,  walhed  the  remaining  powder  feveral  times,  and  added  the  Warers  to 
the  former  folvent.  The  refidue,  when  dried,  weighed  only  14  parts;  whence  it  folldwt, 
that  the  nitric  acid  had  difToWed  64  pans. 

Sxperiminl  3. — I  again  mlKcd  thefc  14  parts  with  42  parts  of  carbonate  of  potafli,  and 
the  requifite  quantity  of  water.  Thefe  being  treated  as  before,  afforded  the  fame  pheno- 
mena. After  filtration  of  ihc  liquid,  it  was  added  to  the  firft  foiution.  The  refiduc,  wafiicd 
and  dried,  weighed  3  pans,    tt  wai  red  lead,  and  \vas  negle^ed. 

Exptrimint  4.— The  two  nitric  folutions  put  together  and  evaporated  afforded  92  parts 
of  nitralc  of  lead,  cryflalHfed  in.oflahedrons,  perfcflly  white  and  tranfparent. 

Thcfe  91  parts  of  nitrate  of  lead  diHolvcd  in  water  were  precipitated  by  a  foiution  of 
fuJphate  of  foda.  The  produ£l  was  81  parts  of  fulphate  of  lead,  which  anfwcr  to  ^b,6%  of 
iRciallic  lend. 

Byptriment  ;.— The  alkaline  folutiona,  which  were  of  an  orange-yellow  colour,  were 
put  together.  la  the  courfe  of  feveral  days  they  dcpofitcd  two  parts  of  a  yellow  powdei^ 
which  did  not  contain  lead.  Tliefe  lolutions,  evaporated  till  a  pellicle  was  formed  on  the 
furface,  aflbrdcd  yellow  Ctydals  by  cooling,  among  which  was  carbonate  of  potalh  not 
decompofed. 

Thefc  cryftals  were  diflblved  in  water,  and  the  foiution,  together  with  the  motlier  water, 
was  mixed  with  the  weak  nitrlc.acid.tiil  the  carbonate  of  potalh  was  faiurated.  The  fluid 
had  then  a  very  deep  orange-icd  colour.  V^hcn  mixed  with  a  foiution  of  muriate  of  tin 
recently  prepared,  it  firft  affumcd  a  brown  colour,  which  afterwards  became  greenifh. 
When  mixed  with  "a  foiution  of  the  nitrate  of  lead,  there  was  an  immediate  regeneration 
of  the  red  lead.  Aud,  lailly,  by  fpontancous  evaporation,  it  afforded  crydals  of  a  ruby  red 
colour,  mixed  with  cryftais  of  nitrate  of  potaib. 

Kinety.cight  parts  of  this  mineral, decompofed  as  has  been  here  related,  having  aflbrded 

81  pans  of  fulphate  of  lead,  tco  p.iiis  would  have  afforded  8;z,65,  which  are  equivalent  to 

57,1  of  metallic  lead.     Now,  admiuing,  as  is  proved  by  esperhnent,  that  100  parts  of  lead 
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■bbib,  in  orJer  to  combine  with  acid*,  il  parts  of  oxygen,  the  57,1  of  metallic  lead  mud 
contain  in  tlie  red  lead  6,86  of  ibis  principle ;  wluch  karet  the  weight  of  the  miucr^iGnf 
Acid  36,4. 

Exjifriment  6.  —To  verify  by  fynihcGs  the  proportion  of  principles  found  by  analyfis  iir 
the  red  lead,  1  diflolved  50  grains,  or  about  2,654  grammes,  of  metallic  lead  in  nitric 
iKid,  which  was  divided  into  two  equal  parts-  One  of  thefe  was  completely  precipitated 
by  the  requifiie  quantity  of  the  combination  of  the  acid  of  red  lead  with  poialh ;  and  I 
obtained  43  grains,  or  about  7,281  grammes,  of  red  lead  as  Bne  as  the  native  mIneraL 

The  other  portion  of  the  nitrate  of  lead,  precipitated  by  canftic  potaih,  aifoided  28  grains 
of  the  white  oxide  of  Iciid.  So  that  by  this  fynthcfis  lOO  parts  of  red  lead  would  be  com- 
pofed  of  65,11  of  oiide  of  load,  and  j4,88  of  acid.  Ii  gives,  therefore,  a  difference  of 
i>72  lefs  of  acid  than  was  deduced  by  the  ^nalyGs,  in  tlic  niineralifiog  acid  of  the  red  lead  i 
s  diflerencc  which  (hews  as  great  a  degree  of  accuracy  as  the  chemical  metliods  can  aSbid. 

SECTION    IV. 

Tkf  fecund  Procffs  far  iecompo^ng  the  Rid  Lead  Orf. 

ANOTHER  method,  of  which  the  execution  is  no  lefs  eafy  than  the  foregoing,  con(U!ft 
In  pouring  too  parts  of  muriatic  acid  diluted  with  the  fame  quantity  'of  water  upon  if> 
parts  of  the  red  lead  ore  in  powder,  and  occaGonally  agitating  the  mixture. 

In  this  cafe  the  muriatic  acid  combines  with  the  oxide  of  lead,  and  forms  an  InfoIuMe  felt» 
which  falls  down,  while  the  acid  of  the  red  lead  remains  diUblved  in  the  water  which  was 
before  mixed  with  the  muriatic  acid.  The  fluid  affumes  a  colour  perfeftly  rcfemblin?  that 
of  tlie  red  lead  before  it  was  pulverifed.  As  foon  as  it  is  perceived  that  the  muriatic  acict 
exerts  no  further  aflion  on  the  red  lead,  and  the  precipitated  muriate  of  lead  flill  contains 
fome  red  particles,  the  fupernatanc  liquor  is  decanted,  and  a  new  quantity  of  muriatic  3cid> 
one  third  or  one  fourth  of  the  original  quantity,  and  diluted  in  the  fame  manner,  is  poured 
9n  the  reGdue. 

The  decompo (it ion  being  complete,  the  fecond  folution  is  decanted,  and  added  to  the 
£r[l  ^  the  reCdue  is  waAied  with  a  fmall  quantity  of  cold  water^  which  is  alfo  added  to  the 
folutions  before  decanted  off. 

In  this  procefs  the  operator  finds  himfeJf  under  the  neceflity  of  obtaining  his  acid  of  red 
3ead  mixed  with  a  certain  quantity  of  muriatic  acid,  or  of  leaving  3  portion  of  the  red  lead 
undeconipofed. 

In  fafl,  if,  according  to  the  known  proportions  of  the  component  parts,  no  more  t)f  t&e 
muriatic  acid  were  to  be  added  than  is  neceflary  for  the  faturatlon  of  the  oxide,  part  of  the 
red  lead  would  efcapc  decompofition  ;  for  it  appears  that  the  acid  of  the  red  lead,  at  the 
rime  of  its  feparatlon,  unites  with  a  portion  of  the  muriatic  acid,  which  feems  neceffafy 
for  its  more  ready  folution  in  the  water. 

Of  ihefc  two  inevitable  inconveniences  I  have  therefore  preferred  that  wliich  leaves  a 
£aaall  portion  of  the  muriatic  acid  in  the  acid  of  red  lead,  becaufe  it  is  eafy  to  fcparate  it. 

For  this  purpofe  the  acid  of  the  red  lead,  contaminated  with  muriatic  acid,  is  to  be  di- 
luted with  a  fmall  quantity  of  water,  and  left  at  reft  in  a  cool  pbcc  for  fevcral  days,  in- 
crdcr  that  the  fmall  portion  of  muriate  of  lead  which  it  may  contain  (hould  cryftaliize  ani 
fitll  down.    The  fluid  is  thea  to  be  filtered  or  drawn  off  by  a  fyphon  \  and  to  thii  muft  be 
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•ddcd,  a  little  at  a  time,  the  oxide  of  filver  precipitated  from  its  folution  by  lime  water  or 
ty  a  cauilic  alkali,  and  well  w-afiied. 

Tte  oxide  of  filver  unites  by  preference  with  the  muriatic  acid,  and  forms  with  it  a  white 
infoluble  fait,  which  falls  lo  the  bottom  of  the  fluid.  But  great  care  mufl  be  taken  not  to 
fuld  too  great  a  quantity  of  the  oiidc  of  filver,  becaufcit  will  unite  like  wife  with  the  acid  of 
the  red  lead,  and  form  an  infoluble  combination,  which  will  mit  with  the  muriate  of  filrer. 
As  foon,  therefore,  as  it  is  obfcrved  that  the  oxide  of  filver  affumcs  a  purple  red  colour,  it 
is  a  fign  that  the  muriatic  acid  is  entirely  faturated,  and  no  more  of  the  oxide  muft  be 
added.  It  is  better,  however,  to  add  too  much  ilian  too  little  ■,  for,  in  tbii  cafe,  the  only 
danger  is  that  of  loGng  a  fmall  quantity  of  the  acid  of  red  lead ;  whereas,  in  the  other,  the 
inconvenience  will  be,  that  a  portion  of  th&-«iuriatic  acid  will  be  left  in  combination  with 
tbe  metallic  acid.  When  the  acid  of  red  lead,  mixed  with  muriatic  acid,  is  evaporated 
to  dryncffi,  a  liiac-colourcd  powder  is  obtained,  which  becomes  green  by  the  conta^  of  the 
^>  aad  is  a  combination  of  the  oxide  of  tlie  new  metal  with  the  muriatic  acid. 

SECTION   V. 
The  Naiure  and  Propertitt  of  the  Acid  of  Red  Ltad. 

THE  acid  of  red  lead,  prepared  according  to  the  foregoing  indru^iona,  is  of  an  orange- 
red  colour,  with  a  (harp  metallic  tafte.  It  is  very  folubic  in  water,  and  its  folution  evapo- 
rated by  a  gentle  heat,  or  fpontaaeoully  by  expofure  to  the  air,  cryClallizes  in  fmall  long 
prifms  of  a  ruby-red  colour. 

Experiment  i . — Paper  wetted  with  this  acid,  and  eipofed  for  feveral  days  to  the  fun's 
eight,  afTumes  a  green  colour,  which  does  not  change  in  obfcurity. 

Exptrimint  2.— A  plate  of  iron,  of  tin,  or  mod  of  the  other  metalSf  immerfed  In  the  folu> 
flon  of  this  acid,  caufes  it  to  aflume  the  fame  colour. 

Experiment  3. — EthcT  or  alcohol,  boiled  for  afewinftants  with  this  fubAance,  produces 
the  fame  effcfl. 

Experiment  4. — The  muriatic  acid,  heated  in  a  retort  with  this  acid,  whether  folid  or  in 
folution,  produces  a  lively  etfervefccnce.  Much  oxygenated  muriatic  acid  is  afforded,  and 
tlie  fluid  alTumes  a  beautiful  deep  green  colour. 

Experimefit  5-— Thefe  phenomena,  which  alfo  tate  place  when  the  ore  of  red  lead  li 
di0blved  in  the  muriatic  acid  by  means  of  heat,  having  led  me  to  prefume  that  the  acid  of 
ted  lead,  by  virtue  of  the  great  quantity  of  oxygen  it  contains,  and  the  llight  adherence  itf 
comra£le  with  that  principle,  might  favour  the  folution  of  gold  in  the  muriatic  acid,  I  puf 
fome  leaves  of  that  metal  In  a  mixture  of  thefe  two  acids,  and,  by  a  llight  ebullition,  I  ac- 
tually obtained  a  complete  folution  of  the  gold. 

The  colour  of  this  folution  was  green  ;  it  tinged  the  (kin  purple ;  and  the  folution  of  (la 
recently  prepared  occafioncd  a  very  abundant  precipitate  of  tlic  fame  colour. 

Experiment  6. — ^Thls  acid,  mixed  with  a  folution  of  the  hydro-fulphuret  of  pot-afii,  is  pre- 
cipitated in  grecnilh  brown  flocks. 

Experiment-]. — The  aqaeoujfolntioD  of  the  tanning  principle  precipitate!  it  inflocksoJ 
» jrellQwifb  toowa  CDlgiut  <   <  i   , 
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Erferinuril  9.— Heated  by  the  blow-pipe  upon  charcoal,  it  boils,  and  icarcs  a  grMn  tii- 
fufible  fubftanc'e. 

Experimfnt  9. — When  fufed  with  the  phofplioric  glafs,  or  with  borax,  it  coQuuunicates 
10  the  vitreous  globules  a  very  fine  emerald  green  colour. 

E\ptrtmtnt  10.— Laftly,  this  acid  combines  with  alkalis  and  earths,  from  which  it  dlf- 
cngjges  the  carbonic  acid  with  cft'erveicence,  and  forms,  with  thof^  fubflances,  fajts  more 
or  lefs  coloured,  of  which  the  properties  are  dcfcribed  iii  the  following  fet^ion. 

From  tlic  preceding  rcfults  it  evidently  follows,  that  the  mineraiifcr  of  the  red  lead  ore  i* 
a  true  acid-,  that  the  radical  of  this  acid  is  a  peculiar  mcullicfubftancei  for  no  other  metallic 
acid  yet  known  exhibits  properties  fimilar  to  the  prcfent.  In  fa£l,  What  meiallic  acid  pof- 
feSe^  a  ruby  colour ;  communicates  to  all  its  t:9mbinaLionB  red  or  yellow  colourn,  more  or 
kfs  deep,  or  yields  to  the  muriatic  acid  part  of  lis  oxygen,  converting  i(  into  the  oxygenated 
muriatic  acid,  while  itfclf  pafles  to  the  (late  of  a  green  oxide,  folublc  in  ihe  muriatic  acid  ? 
Laftly,  What  metallic  acid  is  there,  which  forms  with  mercury  a,  combination  of  a  cinDa<« 
bar  red;  with  filver.a  carmine  red  compound  ;  with  lead,  an  orange-yellow  mineral}  with 
the  hydro-fulphuret  of  potafli,  an  oHvc-green,  &c.  ?  If  I  am  not  deceived,  there  is  none 
fuch.  Therefore,  notwitlillanding  the  repugnance  which  1  have  to  admit  new  fimple 
bodies,  a  repugnance  grounded  on  the  numberlefs  modificaiious  wliich  nature  may  grve 
to  bodies  already  known,  and  render  them  apparently  new,  I  am  nevcrthelefc  forced,  by 
the  great  number  of  new  charadVers  poffcnTed  by  this  and  by  no  other  fubilance,  to  regard, 
it  as  a  metal  naturally  acidified,  which  refcmbles  no  other  we  are  acquainted  with. 

This  opinion  will  be  dill  more  confirmed  by  the  experiments  ia  the  following  pan- 

graphg.  i 

SECTION    VL 

Cemhinatkns  of  iht  Add  of  Rtd  Ltad -with  AiiaHs,  Earth t,  and  MttaU'tc  Oxides.  ' 

THE  fmall  quantity  of  native  red  lead  which  I  have  hitherto  poifefTcd,  has  not  allowed 

me  to  prepare  any  large  malTes  of  the  falts  which  this  acid  is  capable  of  forming  with  the 

alkaline,  earthy,  and  metallic  fubllances,  in  order  to  examine  their  propenies  with  all  the 

precifioH  neceflary  to  render  tlicm  perfeftly  known.     I  (hall  confine  myfcif,  therefore,  ill 

this  place,  to  exhibit  their  principal  characters,  fuch  as  colour,  folubility  in  water,  tatle^' 

their  habitudes  in  the  fire.Stc.  referring  myfcif  to  return  tci  this  ofejcft  when  ciwutn- 

Itancee  Ihnll  be  more  favourable.  It  is  well  known,  likewife,  that  a  great  interval  of  rimcfVe- 

quently  takes  place  between  the  period  when  the  difcovcry  of  an  uncommon  fubflance  haS 

been  njadc,  »ud  that  ill  which  all  its  properties  are  perfectly  known,  and'[htit'rCfi^S/fihB< 

ef  iliis  kind  are  ufually  indebted  to  time  and  opportunity  for  their  itltittiace  dcgtH'ct 

petfcaion.  ■  "■"■     '-  ■    '-  -''  "^ 

Cembinalkn  of  the  Acid  of  Red  Lead  nitb  'S«ryttJi'     '  i  <  i  -' 

TitEacidofred  lead  ore  readily  unites  withbirytes,  with  which  it  fbrms  a  T-ikxt^vir^ 
fparing  folubility ;  for,  by  pouring  an  aqueous  folution  of  this  acid  into  a  folutiori  ef  the 
earth,  a  precipitate  is  formed  of  a  pale  lenionyeliow  colour.  This  fait,  however,  is  poi 
entirely  infoluble  ;  for  the  fupernatant  fluid  ftill  retains  a  flight  yellow  colour,  though  the 
two  principles  of  the  fait  arc  mutually  faturatcd.  This  pulverulent  felt  Iras  nb  percepfiW^ 
■     -  i  taftci 
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taftc ;  it  is  decorapofetl  by  the  mineral  adds ;  it  gives  out  oxygen  gas  by  heat,  ind  the  re- 
Gdue  is  an  earthy  nials  of  a  green  colour. 

Cdrtbiiialisii  of  the  Acid  of  Red  Ltad  tmth  L'imt. 
Lime  combines  with  the  acid  of  red  lead,  and  affords  a  fait  which  does  not  appear  ta 
be  more  foluble  than  the  foregoing  :  for,  by  mixing  lintc-watci  with  a  folutlon  of  this  acid, 
a  depnfttioti  of  an  orange-yelJow  colour  is  made,  which  is  Icfs'  abundant  than  with  barytcs  i 
a  coniequcncc  which  naturally  follows,  from  the  barytes  being  about  tweiiiy  times  more 
-  foiubk  in  coM  water  than  Hme ;  in  confequence  of  which  the  precipitate  formed  with  thia- 
laft  eatlh  muft  be  twenty  times  Icfs  in  quantity.  A  large  quantity  of  fait,  of  the  lame  co- 
lour 39  the  former,  u  aifn  obtained  by  evaporation  of  the  iiaid.  The  fait  formed  by  the 
conibin.ition  of  lime  and  the  acid  of  red  lead  docs  not  appear  to  differ  from  that  of  barytes^. 
except  in  its  being  lets  fotub!e>  and  poifeifnig  difiereni  aillnities  and  proportions  of  compo- 
nent parts. 

Its  habitudes  with  acids,  and  with  heat,  are  the  fame  asthofc  of  the  corabination  of  ba- 
lytcs  with  the  fame  acid* 

CTolwtrondudcdiuourreiLtO 


Information  refpe^ing  the  Earth  of  the  Beryl ;  in  Cotttltirliitian  ef  the  frji  Memoir  en  the  faint 
SubJeH.    By  Citizen  Vau^^eun*. 

XHAVE  announced  in  my  Memoir  on  the  Earth  of  the  Beryl,  that  this  folfil  contains 
about  8  per  cent,  of  that  principle ;  hut  at  the  fame  time  I  obferved^  that  I  did  not  confidcr 
this  proportion  as  being  very  accurate,  bccaufc  I  prefumed  that  a  certaiii  f^uaotity  had  beet* 
dinbl»t.'d  by  the  poialh  employed  to  feparatc  the  alumine. 

I  alfo  announced  that  1  had  begun  fomc  trials,  to  afcertain  whether  the  alnminC  eontaSne J' 
in  the  beryl  was  in  fafl  contaminated  by  a  mixture  «f  this  new  earth.  The  refult  of  thefe 
eitperiments,  related  in  a  few  words,  wiR  form  the- fubjefl  of  the  prefeiil  communicatioo' 
to  the  Tollitute,  together  with  an  account  of  certain  properties  of  this  fubftancej  of  wbichl^ 
hnc  fince  extrafled  n  larger  quantity. 

Experiment  i .  I  pur  together  the  alumine  urhich  had  been  obtained  from  three  dociRMfttff - 
qniotala  of  beryl,  whtCh'had'heenanilyfed  in  iht  faWe^iiumbarijf  feparate  operations*.  The' 
qu^lAity.  wai  63  gramme**  .1  diflblved  thedi  in  fulphurie  acid,  and,  after  hawii^  (brcvetc^ 
the  folution,  I  fubmiticd  it  to  evaporation  ro  obtain  the  alum.  The  evaporation  waf 
continued  until  trytlalswCTe  nojbnger  aflerdrd-  11*  iCTminidg  ihochcr  water  waa.Mry 
^eharine  and  ihicli.  .,:.;' 

Sxperimenl  z^  1  mixed  ihismcthei^watei  «ufa  a  folutionoEctrbotiateof  antttionfac  mett- 
than  fuflicientto  falurjte  the  acid.  The  mixture  was  repeatedly  Ihak en  during  twenty- fouh 
lioura*  I  perceived  that  the  bulk  of  the  precipitate  thrown  down  by  the  Gift  portions  of  (he 

•The  firrt  Mtmbiriiinrdtedifiiht  prtfcdt  V0lilafe6f  our  JoUtt&ljpagesjB.  Thil  coiilfcaatkin  isttnlK' 
IScdfiomtbe  AiiM<ttai;CliRBie,Juvi.'iT«>        -I'J    J'i:-i<i  ^<:iv^,I  :^:Le  ba<.  i.;J«   -  ;.:J 
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carbonate  Iiad  tery  perceptibly  decreafed>  At  the  expiration  of  that  time  I  (iltered  the 
fiuld,  to  feparacc  the  undliToIved  part :  this  U(l,  after  waltung  and  ignition,  weighed 
5  grammes,  and  had  all  the  properties  of  aluminc. 

Experiminl  3- — I  eipofed  the  ammomacal  folution  to  the  aClion  of  heat  in  a  capfule  of 
porcelain :  as  foon  as  the  temperature  was  fuOiciently  elevated  to  drive  off  the  carbonate  of 
aflimomac,  a  large  quantity  of  a  white,  granulated,  and  very  voluminous  earth  wai  depo> 
Cted.  I  continued  the  evaporation  until  all  tlie  ammoniacal  fait  was  dilTipaied.  I  then 
threw  the  reliduc  upon  a  filter,  and  walhed  it  willi  much  water.  This  refidue,  after  drying 
by  a  gentle  heat,  was  pcrfeflly  white,  pulvcrolent,  and  faluble  in  acids,  with  a  ftrong  eScr- 
vcfccncc.  It  weighed  42  grammes,  which  by  a  red  heat  were  reduced  to  35  grammes  t 
whence  it  follows,  that  thcfe  42  grammes  contained  17  grammes  of  carbonic  acid  and 
water. 

Confequently,  the  three  quintals  of  beryl  having  afforded  24.  grammes  of  the  new  earth 
which  was  not  diffolved  by  potafli,  and  the  alumine  which  thefc  three  quintals  afforded 
having  alfo,  as  has  been  juil  obferved,  15  grammes  of  the  fame  fubflance,  it  is  evident  that 
each  quintal  of  beryl  contains  i6>33.  One  hundred  parts  of  beryl  aie  therefore  cob- 
pofedof 

£9  parts  Clex, 

16  earth  of  beryl,  ^ 

1 3  alumine, 
1  oxide  of  iion, 
V  o,j  lime,  T^J 

P9.S 

SKptrinunl  4.— t  hart  obferred  in  my  Sift  Memoir,  that  alumine  dilToIred  ia  the  nitrld 
acid  waa  precipitated  by  tlie  earth  of  beryl.  I  was  delirous  of  knowing  whether  the  fame 
phenomenon  would  likewifc  take  place  with  alum.  I  therefore  diffolved  one  hundred  partt 
of  this  fait  in  about  Cx  hundred  parts  of  hot  water.  The  folution  afforded  crydals  of  alum. 
Into  this  folution  I  put  a  certain  quantity  of  the  earth  of  Ijeryl,  recently  precipitated  from  a 
folution  by  ammoniac,  and  well  walhed.  The  mixture  was  boiled  for  an  hour-  I  fooD  per* 
cctved  that  the  earth  of  beryl  was  taken  up ;  and  in  proportion  as  the  exccfs  of  acid  in  the 
alum  was  faturated,  there  fell  down  a  great  quantity  of  earthy  matter,  in  white  flocks,  in 
a  very  divided  ftatc.  As  foon  as  the  dccompofuion  appeared  to  me  to  be  complete,  I  fil- 
tered the  liquor,  and  collcfled  the  precipitated  earth,  which,  when  waflied  and  diffolved 
in  the  fulphuric  acid,  afforded,  with  a  fuflicient  quantity  of  fulphate  of  pot-afli,  cryftals  of 
aJnm  perfeflly  octahedral. 

The  fluid  from  which  the  alumine  had  been  feparated  poUeUed  a  very  faccharine  tafle  | 
andf  when  fubjefled  to  evaporation,  it  did  not  afford  alum.  Hence  we  find,  that  the  earth 
of  beryl  has  a  greater  affinity  than  aluminc  with  refpe£t  to  the  fulphuric  add,  as  well  -aa 
the  nitric. 

Experiwtnt  J.— Being  dedrous  of  afcertaining  ftill  more  cffeflually  the  difference  whicli 
exlfts  between  alumine  and  the  earth  of  beryl,  I  diffolved  ten  parts  of  the  former  earth  in 
the  (ulphuric  ^cid ;  and  after  having  added  the  necclTary  quaatitj  of  fulphate  of  pou 

aOii 
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,  I  obUined,  by  fenni  fiicceflive  ciyftallizaiions,  90  parts  of  alum.  I  alfo  dlfToIred 
10  parts  of  the  earth  of  beryl  in  the  fame  acid,  and  added  the  fame  quantity  of  fulphace  of 
pot-a(h.  I  obtained  only  50  pans  of  fait  in  fmall  cryftallinc  grains,  of  which  I  could  not 
determine  the  figure.  This  fait  is  foluble  in  7  or  8  parts  of  cold  water,  3  quantity  very 
infuiTicient  to  difiblve  alum  at  tlie  fame  temptrature. 

There  cannot,  therefore,  remain  any  doubt  concerning  the  particular  nature  of  the  earth 
contained  in  die  beryl ;  which  oiuft  henceforward  be  reckoned  in  the  number  of  fubftancc* 
of  this  order,  of  which  it  will  compofc  the  eighth  fpecics. 

It  almoft  always  happens  in  llie  fcicnces  of  obfervation,  and  eren  in  the  fpeculaliie  fci- 
ences,  that  a  body,  a  principle,  or  a  property,  formerly  unknown,  though  it  may  often  have 
been  ufed,  or  even  held  in  the  hands,  and  referred  to  other  fimple  fpecics,  may,  when  once 
difcovered,  be  afterwards  found  in  a  great  variety  of  Ctuationaj  and  be  applied  to  many  ufo- 
ful  purpofc3. 

Chcmiftry  affords  many  recent  examples  of  this  truth.  Klaproth  had  no  fooner  difcovered 
the  different  fubilanccs  with  which  he  has  enriched  the  fciencc,  but  they  were  found  ia 
various  other  bodies ;  and  if  I  may  refer  to  my  own  procefles,  it  will  be  fcen,  tliat  after  I 
bad  determined  the  characters  of  chrome,  firft  found  in  the  native  red  lead,  I  eafily  recog* 
nifcd  it  in  the  emerald  and  the  ruby.  The  fame  has  happened  with  regard  to  the  earth  of 
the  beryl.  I  have  Hfcewife  detected  it  in  the  emerald  j  in  which,  ncverlhelefs,  it  was  over- 
looked both  by  Klaproth  and  myfelf  in  our  firft  analyfis :  fo  difficult  it  is  to  be  aware  of  the 
prefence  of  a  new  fubCtance,  particularly  when  it  poflefles  fome  properties  refcmblixig  thofc 
already  known  ( 

Though  I  have  not  yet  determined  with  much  accuracy  the  proportion  in  which  thi» 
earth  cxifts  in  the  emerald,  I  think,  neverthelefs,  that  it  is  nearly  the  fame  as  in  the  beryl  ^ 
but  I  Ihall  afeertain  this  point  with  more  certainty  in  my  fecond  analyfis.  The  emerald 
and  the  beryl  arc  therefore  two  ftones  of  the  fame  nature,  excepting  the  colouring  part  j 
«nd  the  fcicnces  of  cryftallography  and  chemiflry  arc  here  alfo  perfectly  confiftcnt  in  their 
refults. 

A  TehU  of  the  general  Pra^iie:  of  the  Earth  of  the  SerjL 

1 .  It  is  white. 

2.  Inlipid. 

3.  Infoluble  in  water.  ~2 

4.  Adhefive  to  the  ton^ie.  -'" 

5.  InfufiWe. 

6.  Soluble  in  the  fixed  alkalit. 

7.  Infoluble  in  ammoniac. 

8.  Soluble  in  the  carbonate  of  AmmoniaCi 

g,  Soluble  in  almofl  every  one  of  the  acids  (cicept  the  carhonic  and  phofpboiift  aciA)y 
and  forming  falts  of  a  faccharinc  tafle. 

10.  FufibJe  with  borax  into  a  tranfparent  glafs. 

11.  Abforbs  one-fourth  of  its  weight  of  carbonic  acid. 

12.  Decompofea  the  aluminous  falts. 

1}.  Is  not  prccipitable  by  weU-faturated  h^dro-fuiphoretSk 

;  ^  raft 
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A  TaUi  of  tht  ^njie  Charaatrt  tf  tht  Earth  tf  Btrj/.  ■ 
I.  Itc  6t![i  arc  Tjccharinc,  and  {lightly  aftiingem. 
X  It  is  very  folublc  in  tlie  fulphuric  acid  by  tiQcCt- 

3.  It  dccompofes  llie  aluminous  Ciiu. 

4.  It  is  foluble  in  tlie  carbonate  of  ammomac> 

5.  Is  completely  precipitated  from  its  foluiions  by  ammoniac- 

6.  Its  affinity  for  the  acids  i«  intenncdiate  between  magnefia  and  alumiof. 
None  of  the  known  earths  unite  the  fix  properties  announced  in  this  table. 

I  prefem  to  the  Inftituic  a  certain  quantity  of  this  earth,  and  fliall  produce  at  Oite  of  iti 
future  fittings  a  feric«  of  combinations  formed  with  this  earth,  extra£led  from  a  conCdenble 
.<)uantity  of  beryl  given  to  mc  by  Citizen  Patrin,  whofc  zeal  for  the  advuiccmeat  of  tb« 
Jciences  is  well  Iciwwn  to  every  one  of  their  cultivators. 


IV. 

Oifirva/hiii «  Eteflric'ityt  Light,  oW  Cthne,  c^jij  Jirtiltd  Ic  the  Rtfultt  9/ Dr.  PsjMBQtt'i 
Exptr'minU  en  EUciric  B'fikarga  thrsugb  IVattf.     By  0  CsmjpondtHt. 

To  Ma.  NICHOLSON. 

s  I  R, 

■  VV  H  E  N  I  received  the  6th,  7th,  and  8ih  Numbert  of  your  Journal  for  lypy,  la 
fucccflion,  I  read  Dr.  Pcarfon's  Experimctits  and  Obfcrvations  on  the  Gas  produced  by 
paffing  Electric  Difcharges  through  Water  •,  with  atteution. 

His  experiments  appeared  to  me  to  be  well  devifcd  and  e«ndurted,  and  Ms  conclufiont 
fair  and  fatiafaflory ;  but  his  explanaiions  of  the  manner  in  which  thofc  gazes  were  pro- 
duced from  water,  and  then  re-converted  into  water  by  the  fjme  agent,  the  eleftric  fluid, 
were  by  no  means  fatisfaftory. 

That  1  might  not  be  premature  in  my  dectfloni  agalitft  Dr.  Pearfon't  principles  or 
reafonings,  I  diverted  my  aiteniion  from  the  fubjc^  till  nowj  but,  upon  tl\e  rc-peru(al  of 
his  papers,  I  IliU  think  his  principles  lax  and  indeterminate,  and  his  rcafoninj/s,  jn  parr, 
unphilofophical,  and  to  mc  apparently  indcfeniible.  I  take  tlie  liSctty,  therefore,  of  Uyiag 
the  few  following  animadverfmns  and  objcflions  before  you  ; 

The  eleAric  Suid,  common  6re,  and  lighi^  thofc  univerfal  and  general  agents  of  nature^ 
fo  far  from  being  underflood,  appear  to  me  to  be  not  only  confounded,  but  alfo  to  b(  fb 
impcrfcdly  confidercd,  ai  to  be  the  caufc  of  endlefa  confufion  in  crery  department  of 
philofophy. 

Oxygen  gazisiaid  lobe  fvrined'Of  oitygen  and  caloric  ;^what  idea  then  are  we  to  form 
ofcalorft? — Is  it  a  fimple,  homogeneous  principle,  or  it  it  a  compound  ?— The  general 
idea,  or  at  leaft  the  common  cxprciTioii,  fecms  to  imply  the  idea  of  its  being  fimply  the 
caloriHc  principle,  ^vA  confequcntiy  micompounded. 

Oxygen  may  be  converted  into  oxygen  gaz  Sy  the  cleflric  fluid,  or  by  light,   at  well  w 

%firc.    The  ele^iic  fiutd,  tligj,  imparts  calunu  to  oxygen,  and  Co  does  liglu.— Wlut 

■  riuloT.  Journal  I.  i^i,  199.  j4f. 


Whether  EUeirk''ify,  Li'gll  andCahric  hfmpltt  eompoiindtJ,  t^/.  397 

\Mii  l!icn  3«  wc  to  form  of  the  cledric  fluid  and  of  light  .'—Arc  they  merely  modifica- 
tions  of  finiplc  cabriCi  or  are  ihey  compounds  in  which  caloric  forms  a  part  ? 

If  the  clcdric  fluid  be  a  mode  of  cxiftcnce  of  fimplc,  homogeneous  caloric,  how  ire  wc 
to  explain  the  fail  *,  thai  certain  clcdric  atmofphercs  repel  each  other,  which  atmofpheres 
will  attraifl  other  eleClric  atmofphcres  that  are  alfo  repuifive  to  each  other  ? 

It  ia  incontrovcrtibiy  evident  that  clcftric  almofpheres  are  of  two  diftlnfl  kinds;  equally 
cxtenfive,  equally  powerful,  and  mutually  attradlive  to  each  others  nUhough  each  is 
invariably  repuifive  to  every  atmofphere  of  the  fame  kind  as  itfelf ;  and  it  is  equally  cerlaift 
that  they  only  produce  fire,  or  take  that  form  when  they  ru(h  together,  and  ceafe  to  be 
elciHric-  Inftcad,  then,  of  fuppofing  the  ele^lric  fluid  to  be  caloric,  or  partly  formed  of 
caloric,  it  appears  to  me  to  be  more  philofophical  to  fuppofe  that  it  confifts  of  two  prin- 
ciples t  ill  {fates  of  feparation,  wbicli  form  caloric  when  they  quit  their  ek£lric  Hates,  and 
combine. 

Is  light  a  limple  fluid  I,  or'a  modification  of  caloric  ?— If  fo,  what  ingenuity  can  explain 
how  one  homogeneous  fluid,  or  fimple  lire,  can,  by  paffing  through  a  prifm,  be  fcparatei 
hito  fuch  variety  of  parts  fo  permanently  diffimilar  to  each  other  ?  and  how  happens  it  that  > 
light  never  produces  fire  but  by  evidently  changing  its  mode  of  exigence,  as  it  ceafcs  to  be 
light  when  it  takes  the  ftate  and  properties  of  fire  ? — This  confideration  again  feems  to  lead 
to  the  concIuGon  tliat  light  confifls  of  diftin£l  and  diffimilar  principles,  which,  combining 
together,  lofe  their  properties  as  light,  and  conflltute  a  fluid  of  very  diilerent  propertiy 
and  charafler,  which  wc  call  fire,  or  caloric. ' 

Nay,  even  if  we  advert  to  caloric  itfelf,  is  it  3U  uncompounded  principle,  or  can  any 
Cmple  principle  p oflib I y,  perform  the  various  parts  atTigncd  to  itf — According  to  the  prc- 
fcni  fyltcm  of  chemiHry,  caloric,  homogeneous,  Cmple  caloric,  deilroys  combinations 
which  itfelf  had  formed ;  it  attaches  itfelf  to  panicles  of  matter,  and  forms  iifclflnto 
repulCvc  fphcres  around  them  ;  and  yet  certain  fpheres  of  caloric  in  this  (late  of  repulfion 
will  rapidly  attract  other  fphcres  of  the  fame  caloric  in  flmilar  dates  of  repulfion  I  In 
fliort,  caloric  is  hot  or  cold,  attraflive  or  repuifive,  vifible  or  inviCblc,  jufl  as  occafioii 
may  fervc  ;  and,  Proteus-like,  it  takes  all  fliapes  and  forms  :— we  dread  to  meet  it  in  Jove's 
thunderbolt,  and  court  its  inQuence  in  the  cooling  breeze  I 

•  The  fsfli  arc  fimply,  that  fe^fj  attrafl  and  repel  each  other  in  certain  ftatei  of  dtftriwrion  ;  but  the 
■xiAcncc  of  elcAric  aimofphetes,  of  one  fimpIe  e1e£tric  fluid,  orof  two,  &.-c.  arc  mere  hypothefci  which  fct 
iwiaiii  wiiliout  proof,  M.  de  Luc  (IdeeiTur  la  Mcteorologie)  fuppofet  tkflricitj  loconfiftof  ihematter  o£ 
beat  combined  with  another  maitEf  incapable  of  palTing  through  glafi,  &c, 
the  condcnfaiioa  of  this  laft  with  the  tranfmiflioa  of  beat,  id  the  fame 
might  be  cnndcnfed  on  3  pane  of  glafi,  and  caufc  the  cvapotalioa  of  wale 
file  furfacc,  by  tlrtue  of  the  tranfmiitid  heat.   N. 

t  Thai  light  of  every  kind  is  erriiied  by  the  eleftricfpark  itcafilyfeer 

%  The  great  Lcnnsrd  Euler,  and  otheri,  have  mgintaineiJ  ihat  ihe  rcnfaiions  and  cflefti  of  Irglit  in  merely 
confetjuencL-i  of  the  \-ibrailons  of  a  rare  and  very  elaftic  fluid.  To  ihii  dodlrine  have  bein  oppofed  t!ie  refti- 
linearmotionof  light,  which  doei  not  flow  into  the  Istetal  fpactJ,  together  with  lit  rettcOion,  refra£tion,  and 
Mlsun,  Much  compltxiiy  of  vibration  would  indeed  b*  required  to  aecoiint  for  thefe  pbenonatia :  but  not 
more,  perhaps,  than  nccclTaiily  nfulis  from  the  confideration  of  found  1  iu  ctho,  which  <)cvl»tti  hitic  fruni 
tb(  angU  of  tc(U£tioaj  and  ilic  baitnony,  melody,  tone,  &c  of  i»  diltind  cotemj'OraiiKout  and  fucccifiie 
in^ire^boni.     N. 

Vol.  U.— Dec.  1798.  3  F  Having 


id  tlui  the  charge  it  produced  by 
nminer  as  (team  (water  and  heat) 

,  fuppoled  to  be  placed  on  the  oppo' 

(vith  the  prifm.    N. 
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Having  thos,  in  3  general  way,  pointe<l  out  the  confuGon  which  obrcniri  xnd  depfv> 
ciitcs  philofophy  in  coiifcqueticc  of  employing  words  withuut  ideas,  and  of  admilliiig 
ccnain  agents  as  Qniple  principles  which  probably  are  compounds,  wiil:oat  deigning  to 
GOnfidcr  wheihei  (hey  are  To  or  not,  even  though  the  mofl  palpable  abfardtties  atteml  the 
sdmiSion  i  permit  me  to  mike  a  few  cridcal  remarks  up*n  the  pspei  in  quellton. 

Dr.  Pcaribn  explains  the  produftion  of  ihc  gazes  from  water,  by  ftippaliiig  that  the 
Jenfe  clefiric  fire,  at  the  moment  of  diSiifion,  interpofirs  beiu-ixt  ihe  coufttiuent  clement* 
of  water,  and  places  them  beyond  the  fphere  of  ailraclion  for  each  other,  when  each 
uliim-itc  particle  of  the  o.xygen  and  hydrogen  unites  with  a  dcicrniiuate  quantily  of  (ac, 
Hid  they  form  hydrogen  gaz  and  oxygen  gaz. 

It  appears,  then,  that  els'Ttric  Grc  forcibly  dedroys  the  cbemtcal  tmioo  betweea  oxygen 
and  hydrogen ;  and  that  tlien  a  portion  of  it  afliiaics  the  flate  of  caloHc,  attaches  itfclf  to 
the  pariiclcs  of  oxygen  and  hydrogen,  and  counteracts  their  chemical  union,  by  kecpiag 
them  dillant  from  each  other  ta  the  (late  of  gaz. 

Dr.  Pearfon  then  proceeds  to  explain  in  what  manner  t}iefe  two  gazes  are  msde  to  ic^ 
combine,  and  form  vfater,  by  means  of  the  dei^ric  fire  or  caloric.  He  firll  pouits  out  tbe 
aianner  in  which  he  fuppofcs  the  caloric  a>3s  in  thefc  words  :— "  I  conceive  its  agcnc]r  lo 
be  merely  diminiChing  or  delroying  the  powers  which  counteract  chemical  union  i"  and 
then  proceeds  to  appljr  his  theory  to  the  explanation  of  the  production  of  water  from 
hydrogen  gnz,  and  oxygen  gaz,  l>y  the  agency  of  caloric,  in  cbcfe  words : — "  Accordinglyt 
when  an  cle^ric  fp^rk,  or  the  fmalied  panicle  of  flame,  or  of  nit  igniicd  fubftance,  \* 
vpplicdtothe  gaz  produced  in  the  abore  procefs,  or  to  the  miiture  of  hydrogen  and 
oxygen  gaz,  the  ultimate  particles  of  thefc  g3z:es  neareft  to  the  Same  are  driven  from  it  in 
alt  dire^ions,  as  from  a  centre,  by  the  interpofition  of  hre,  or  of  caloric  and  light  {  fb 
ttiat  they  arc  brought  within  the  fphere  of  their  chemical  attra^ion  for  the  ultimate  par- 
ticles of  the  gafes  at  a  certain  di<lance  from  ihe  centre  of  application  of  fire,  which  tl»cr&. 
fore  unites,"  3tc.  Now,  I  mod  taie  the  liberty  to  fay,  that  I  think  this  no  explanation 
whatever.  The  concluGon  appears  to  me  to  be  dr.iwn  from  premifcs  which  neither  war- 
rant fuch  conclulion,  nor  make  it  either  proliabic  or  conceivable. 

According  to  Dr.  Pearfon's  own  theory  and  cjcpla nation,  caloric  cotmtCtaSs  the  clicnii> 
cal  union  betwixt  oxygen  and  hydrogen,  and  holds  them  in  the  fta;e  of  gas ;  and,  accor^- 
ivg  to  his  own  principles,  he  ought  to  have  expbir.ed  in  whit  m^inner  the  caloric  of  an  ig- 
nited body  diminifhcs,  or  deltroys,  the  fpberes  of  caloric  which  countera£l  their  chemical 
tinion  i  inltead  of  which  he  only  tells  us,  th.it  caloric  drives  the  ultimate  particles  of  ihofa 
gazes,  neareft  to  it,  in  all  ditcflions,  which,  therefore,  combine  with  other  paitides  Bt  a 
diftanec  •,  hut  gives  no  idea  whaifoever  of  the  manner  in  %vhich  that  flame,  or  that  caloric^ 
flofting  ofFfrom  an  ignited  body,  diminiflies  ordeHroys  the  caloric  which  isaWady  aitadicd 
lo  tlie  particles  of  oxygen  and  hydrogen,  and  counterafls  their  thtmical  affinity  or  uaioa. 
In  Diort,  if  caloric  n£lually  Is  attached  to  the  difutiiled  particles  of  oxygen  and  hydrogett,^ 
and  prevtnls  their  chemical  union,  nothing  that  Dr.  Pcaifon  his  faid  tends,  in  the  Icaf^ 
fliow  how  the  acceflion  of  ftill  more  caloric  can  cither  dimiiiiih,  or  deftioy,  the  Ci 
already  attached  to  them,  in  fuSicient  quantity  to  prevent  their  union. 

Much  might  he  faid  upon  a  tubjc^  like  this  j  bnt,  as  I  wHh  not  to  take  up  toomueh  of 
your  time,  I  fliail  not  proceed  further  witli  my  remarks  at  prefcot.     What  I  havC  alrcajy^ 

advanced 
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Itlrauced  !«>  I  ihinkj  fuflicieot  to  (hew  that  Dt.  Pearfon's  cxpUnatlon  of  the  fuhje£l  iu 
quellion  is  neither  pbilofophical  nor  admiiTibJe  ;  anJ,  for  the  credit  of  the  doiSrinc  which 
he  cfpoufes,  fome  more  fatisfaflory  cxphnation  ihould  be  given.  With  icfpeJi  to  Dr. 
Parr's  theory,  that  light  and  fitc  rtpel  each  other,  when  difeiigaged  from  matter,  it  appears 
to  me  too  fanciful  lo  be  folid,  and  too  iiicoiiGlleiit  to  be  fiippoTled.  If  light  and  fire  repel 
each  otlicr  when  difciigagcd  from  matter,  by  its  dtcompofition,  it  is  iiot  an  cafy  matter  to 
(how  how  ihcy,  when  iti  flatus  of  freedom  anti  confetmcnt  repullion,  were  brought  to- 
gether on  the  fame  fubftaiice  at  its  formation  :  and,  if  oxygca  and  light  repel  each  other, 
its  he  contends,  why  does  light  combine  at  once  witli  the  oxygen  of  nitric  acid,  and  form 
QXygen  gas,  by  merely  placing  the  acid  in  its  way  ?  But  this  is  not  the  hypothefis  1  have 
undertaken  to  combat. 

I  offer  this  letter  for  your  perufal,  and  confcfs  that  I  with  to  fee  the  fubj;£l  impartially 
Attended  to-  It  is  painful  and  humiliating  to  fee  how  readily  the  molt  glaring  ahfuTdilies 
«e  overlooked,  nay,  even  adopted  as  piinciplcs,  and  employed  as  indifputable  fifts  ;  and 
ao  further  proof  is  neceflary  to  point  out  the  confufion  and  abfurdity  to  which  fuch  erro- 
neous principles  tend,  than  the  refult  of  Count  Rumford's  cxperimcnis  and  reafonings  aa 
the  produflion  of  heat  by  friflion  •;  which  is,  that  as  heat  thus  produced  by  friciion  can- 
jnot  be  accounted  fur  upon  lite  adopted  principles  of  chemiClry,  he  feems  incliuahic  lo  con- 
clude, that  it  cannot  be  a  material  fubllancc,  and  is  mod  probably  nothing  but  motion  1 !  I 
Surely  this  is  facrificing  too  much  to  hypothclis,  to  give  up  the  convi£lion  ofreafon,  and 
the  tcftimony  of  the  fenfes,  rather  than  fuppofe  it  pofiible  that  a  favourite  theory  may  be 
falfe.  The  produflion  of  heat  by  fri£lion,  is,  no  doubt,  inexplicable  upon  the  principle) 
of  M.  LavoJfier,  which  ought  to  excite  the  fufpicion  of  thofc  who  have  embraced  them  ; 
for,  if  fo  fimple  i  fa£l  cannot  be  explained  by  thofc  principles,  it  i«,  at  leaft,  probable,  that 
(hey  are  not  dcferving  of  that  confidence  which  is  fo  generally  and  implicitly  placed  lA 
them.  Tlic  produflionof  heat,  ad  liiilum,  by  friflion  or  pcrcuflion  between  folid  bodies, 
does,  however,  admit  of  an  eafy  explanation,  without  being  diiven  to  the  neccflity  of 
making  caloric  a  iton>entityf  or  heat  a  particular  kind  of  motion  t,  propagated  in  fuch  a 

particular 

•  rhilof.  Jounial.  n.  .06. 

t  The  prndlgbuti  quamiiy  of  h»t  which  follawe  from  an  apparently  minuic  aaion,  hai  always  been  cor- 
fidcrcd  a:  a  (Irang  argumcnc  againft  ilic  hypnihcG),  that  heat  11  mtre  motioD  \  but,  upon  elofe  cxamiDacion,  it  ii 
found  to  apply  to  both  thcoiies.  If  ■  very  minute  pnrtionoFa  large  mariofoivgen  gai  and  ciAmabe  p«I  inlos 
_ffaU  a/ viiruiian  (prhciKi),  and  tht  oir.bianiionof  liifi  &rtt  porDoa  be  Aiccecdcd  tiy  vibrationi  and  combina- 
tions of  the  remaining  parts  i^  the  atafs,  wc  Cmtl  lie  led  to  inveRigate  the  anraflive  and  rcpulfive  poivtri  can- 
ctnted  io  the  phenomena,  and  fhill  in  all  prubabitiiy  And  tltt  ufli  by  no  means  tit(f.  Out  ivill  our  diffioilnci 
Lc  alleviated  or  removed  by  fiippofing  the  ptefcncc  of  a  third  fubftance  (caloric)  in  previou*  cnmhinntiou  with 
the  oxygen,  whidi.\i'ii[  ccitainly  demand  an  cxtubition  of  fimUar  powcrt  lo  account  fur  its  iranfition  ?  Wkat- 
twr  mJy  be  the  fuppofed  piny  of  the  affinities  or  p(>weri  ■ui'ilb  eatoric,  il  fecmt  probable  tLit  the  mere  ihew/ 
might  be  conilruAud  ai  well  (I  do  not  fay  better)  wit^m//'. 

Iibaa  been  fiid  that  latentinotion  (or  heat)  ii  an  abfurility,  as  in  temii  indeed  it  ii }  but  this  might  be  ex* 
plained  in  a  variety  of  way*,  Caloric  is  nbforbtd,  «  motion  is  aceumuiated,  in  teitnin  procdTct.  Slight  inci- 
dfiV*,  nolcaniacDriirateto  the  tf[i.ik,  let  them  free.  Hcwhofctsihecaichof  ihc  pile-engine irlibcny,  nr  dif- 
c^argu  a  <ior»-lMW,  or  bteaki  the  (li!  of  l>rincc  Rupen't  drop,  or  comniunkates  a  Ipark  to  a  powtler-raaga- 
»ioc,  may  be  faid  to  give  efftft  10  inicjit  raotiim,  or'  rather  to  dcllroy  the  equilibrium  of  farces  gcneraird  by 
tuHicr  eD'orts,  fat  fui^criur  to  thai  employed  to  feltlicni  ailibcity. 
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particular  kind  of  mjiiner,  ihat  the  motion  of  a  finglc  fpark  of  fire,  direflcd  into  a  powder* 
magazine,  will  not  only^  give  motion  lo  the  building  itfclf,  and  its  contents,  but  will  alfo 
fluke  3,  county ! 

Should  this  letter  be  thought  unworthy  of  attention,  ot  unfit  for  the  public  eye,  I  could 
wiih,  however,  that  you  would  oblige  mc  fo  far,  if  convenient,  as  totranfmit  it  toDr.  Pear- 
fon-  J  have  the  higheft  opinion  of  his  chemical  knowle<Igc,  as  well  as  of  ihc  liberality  oS 
his  principles ;  and  though  1  hare  plainly  pointed  out  fome  parts  of  his  writings  which  I 
think  erroneous,  I  dill  hold  him  no  lefs  in  cilimation.  My  only  motive  in  making  the  ob- 
|e£lions  and  remarks  which  I  have,  is,  if  poOiblc,  to  arrive  at  truth. 

\  am,  with  grateful  ci^ccm  fur  the  valuable  information  which  I  have  repeatedly  received 
from  your  Lbouis  in  the  Gelds  of  Itiencc,  Sir, 


Nov,  i6,  179: 


Though  I  have  ftaieJ 
oT  the  thcorici  alluded  v. 
table  faCts. 


Tour  mod  obedient  ftrvant, 
ronJJanl  Readtr  of  pur  valuable  Publtcatlaih 


•itv  hR*  and  abrervatian!,  I  by  eo  meant  wilh 
in  the  text  t>i  the  nous.— None  «f  them  appear  t( 


I  be  ihrjught  ) 

mc  to  be  cftabhlhed  upon  indubw 


An  iiiijuiry  coticfrning  the  Chfoiical  Proptrliei  that  have  been  attributed  la  Light.     Bj 
££yjAM:.\,  Count  ofRumfsrd^  F.  R.  S.   M.  R.  /.  yt>* 

In  the  fecond  part  of  my  feventh  elTay,  (on  the  propagation  of  heat  in  fluids,)  I  havi  men- 
tioned the  rcafons  which  had  induced  me  to  doubt  of  the  cxiftcncc  of  thofc  chemical  pro- 
perties in  light  that  have  been  attributed  to  it,  and  to  conclude,  that  all  thofe  vifibic  changes- 
produced  in  bodies  by  expofurc  to  the  aflion  of  the  fun's  rays,  are  eHeded,  not  by  any 
chemical  combination  of  the  matter  of  light  with  fuch  bodies,  but  merely  by  the  heat  which: 
is  generated,  or  excited,  by  the  light  that  h  abforbed  by  them. 

As  the  dccifion  of  this  quellion  is  a  matter  of  great  importance  to  the  advancement  of 
fcicnce,  and  particularly  to  chcmiflry,  and  as  the  fubjc^  is  in  many  lefpcQa  curious  and 
interefling,  it  has  often  employed  my  thoughts  in  my  leifure  hours;  and  I  have  fpent  muchi 
lime  ift  endeavouring  to  contrive  CKperiments,  from  the  unequivocal  refults  of  which  the 
truth  might  be  made  to  appear.  Though  I  have  not  been  fo  fucccfsful  in  thefe  inveftiga. 
rions  as  I  could  wifli,  yet  I  cannot  help  flattering  myfelf,  that  an  account  of  the  rcfults  o£ 
fome  of  my  late  experiments  will  be  thought  fufliciently  interefting  to  merit  the  attention 
of  the  Royal  Society. 

Having  found  that  gold,  or  filver,  might  be  melted  by  the  heat  (invifible  to  the  fight] 
which  exifls  in  the  ali-,  at  the  didance  of  more  than  an  inch  above  the  point  of  the  flame 
of  a  wax-candle,  (fee  my  feventh  cfiay,  part  II.  page  350.f )  I  was  curious  to  know  what  cf> 
fefl  this  heat  would  produce  on  the  oxides  of  thofe  metals, 

Experiment  Ns.  1.  Having  evaporated  to  drynefs  a  folution  of  fine  gold  in  »<]ua  regis^  I 
Affolvcd  the  refiduum,  in  juft  as  much  diftilled  water  as  was  neceflary  in  order  that  the  fo- 

•  Piiikf.  Tranf.  1758,  F-  4«-  t  OrPbilof.  Journal,  II.  165. 
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Intion  (which  wis  of  a  beautiful  yellow  colour)  might  not  be  difpofed  to  cryftallizc ;  and, 
wetting  the  middle  of  a  piece  of  white  taffeta  riband,  if  inch  wide,  and  about  eight  inches 
long,  in  this  folution,  I  held  the  riband,  with  both  my  hands,  (Irctchcd  horizontally  over 
(he  clear  bright  flame  of  a  wax  candle;  the  under  fide  of  the  riband  being  kept  at  the  dif- 
lance  of  about  ij  inch  above  the  point  of  the  flame.  The  refiilt  of  this  cKperiment  was 
very  (triking.  That  part  of  the  riband  which  was  diretlly  over  the  point  of  llic  flame,  be- 
gan almoft  immediately  to  emit  fleam  in  deiife  cloudsi  and,  in  about  lO  feconds,  a  circulaf 
fpot,  about  J  of  an  inch  in  diameter,  having  become  nearly  dry,  a  fpot  of  a  very  fine  pur- 
ple colour,  approaching  to  crimfon,  fuddenly  made  its  appearance  in  the  middle  of  it,  and^ 
fpreading  rapidly  on  all  ftdcs,  became,  in  one  or  two  feconds  more,  neatly  an  inch  in  dia- 
meter. 

By  moving  the  riband,  fo  a&  to  bring,  in  their  turns,  all  the  parts  of  it  which  had  been 
wetted  with  the  foiution  to  be  expofed  to  the  action  of  the  current  of  hot  vapour  that  aiofe 
from  the  burning  candle,  all  thofe  parts  which  had  been  fo  wetted,  were  tinged  with  the 
fame  beautiful  purple  colour. 

This  colour,  which  was  uncommonly  brilliant,  paflcd  quite  through  the  riband,  and  t 
found  the  (lain  10  be  perfeilly  indelible.  I  endeavoured  to  wafli  it  out ;  but  nothing  I  ap- 
plied to  it,  and  among  other  things  I  tried  fuper-ojtygenatcd  marine  acid,  appeared  In  the 
fmatlcd  degree  to  diminilh  its  luflre.  The  hue  was  not  uniform,  but  varied  from  a  light 
crimfon  to  a  very  deep  purple,  approaching  to  a  reddiffi  brown. 

I  fearched,  but  in  vain,  for  traces  of  revived  gold,  in  Its  reguline  form  and  colour ;  but, 
though  I  could  not  perceive  that  the  riband  was  gilded,  it  had  all  the  appearance  of  being 
covered  with  a  thin  coating  of  the  mod  beautiful  purple  enamel,  which,  in  the  fun,  had  a 
degree  of  brilliancy  that  was  fometimcs  quite  dazzling. 

Exptrhnent  No.  2.  A  piece  of  the  riband  which  had  been  welted  with  the  aqueous 
folution  of  the  oxide,  was  carefully  dried  in  a  daric  clofet,  and  was  -then  expofed,  dry, 
over  the  flame  of  a  burning  wax  candle.  The  part  of  the  riband  which  had  been  wetted 
with  the  folution  (and  which  on  drying  had  acquired  a  faint  yellow  colour)  was  tinged  of 
the  fame  bright  purple  colour  as  wasptoduced  in  the  I  aft- mentioned  experiment,  when  the 
riband  was  expofed  wet  to  the  a£liou  of  the  heat*. 

Experiment  No.  3.     A  piece  of  the  riband  which  had  been  wetted  with  the  folution, 
and  dried  in  the  dark,  was  now  wetted  with  diftiUcd  water,  and  expofed  wet  to  the 
s£lion  of  the  afcending  current  of  hot  vapour  which  arofc  from  the  burning  candle :  the 
purple  ftain  was  produced  as  before,  which  extended  as  far  as  the  riband  had  been  wetted  . 
with  the  foiution,  but  no  farther. 

1  afterwards  varied  this  experiment  In  fcveral  ways,  fometimcs  udng  paper,  fome- 
timcs fine  linen,  and  fometimes  fine  cotton  cloths,  inllead  of  the  filk  riband  -,  but  nearly  the 
fame  tinge  was  produced,  whatever  the  fubftance  was  that  was  made  to  imbibe  the  aqueous 
^lution  of  the  metallic  oxide. 

Similar  experiments,  and  with  limilar  refults,  were  likcwifc  made  with  pieces  orribantf, 

•  We  lh*il  herMfwr  find  rearon  to  conclude,   thai  the  fuicefi  of  thii  experiment,  or  die  ippUrance  of  the 

furpic  dnge,  wai  owing  tothe  waiM7  vapou  whicli exificd  in  ttujicituricni  iImi  ^IccDiledfronitbc  Ravatnt 
tUc  cudlc.    K. 

fine 
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^ne  linen,  cotton,  paper,  &c.  wetted  in  an  nqaeoui  folttlion  of  nitrite  of  Giver ;  «ith 
tbU  diirerence,  however,  tbaC  the  tinge  produced  by  this  metallic  oxide,  indead  of  being 
of  a  deep  purple,  iocliDiug  to  crimfon,  wis  of  a  verf  dark  orange  colour,  or  latlier  of  a 
yellowifh  browo. 

In  order  to  difcover  whether  the  purple  ringe,  in  the  eipeilments  with  the  oside  of  gold, 
was  occafioned  by  the  beat  commumcaied  by  the  afcctulin|  current  of  hot  raponr,  or  by  the 
Ught  of  the  candle,  1  made  the  following  e  ape  rime  iii,  the  refult  of  which  1  conceive  to 
hzre  been  decilivc. 

Experimtitt  Ho,  4.  A  piece  of  riband  was  wctced  withtiK  a<]ueou3  folutionofthc  oxide 
«f  gold,  and  Ikcld  vcriicailjt  by  the  Gde  oS  the  dear  fiaisc  of  a  burning  wjx  candle,  at  iha 
*li{lance  of  \zb  than  half  au  iiich  from  l!ie  flame. 

The  riband  was  dried,  but  its  colour  n  as  net  in  the  fmallcn  degree  cJianged. 

"When  it  was  held  a  few  feconds  within  about  i  of  an  inch  of  the  Qante,  a  tinge  of  1 
moft  beautiful  crinifo"  colour,  in  the  form  of  a  narrow  vcriica!  flripe,  was  produced. 

The  heat  which  ctifted  at  that  diftance  from  the  Same,  eti  ll.f  fijt  tf  it,  where  this  C(K 
loured  (Iripe  was  produced,  was  fulBctently  intenCc,  as  I  found  by  cipcrintcrt)  to  Qwlt 
very  fine  lilver  wire,  Hatted,  furh  as  is  ufed  in  maUiiig  filver  lace. 

The  objcfls  I  had  ia  view  in  the  following  ciperimcnts  are  too  evident  torequirc  any 
particular  explanation. 

Expmvient  Na.  5.  Two  like  pieces  of  riband  were  wetted  at  the  fame  time  in  the  folution, 
and  fufpcnded,  while  wet,  in  two  thin  phials,  A  and  B,  of  very  tranrparent  and  coloitrlef* 
ghfs  i  the  mouths  of  the  phiaU  being  left  open.  Both  thefe  phials  were  placed  in  a  nindow 
which  fronted  the  fouih ;  that  difUnguilhed  by  the  letter  A  being  cxpofed  called  to  the 
direflraysof  a  bright  fun  ;  while  B  wasinclofcd  in  a  cylinder  ofpafleboard,  painted  bbck 
within  and  without,  and  clofed  with  a  fit  cover,  and  confequently  remained  in  peifcA 
darknefs. 

In  a  very  few  minutes,  the  riband  in  the  phial  A  began  fenfibly  to  change  its  colour, 
and  to  take  a  purple  hue ;  and,  at  the  end  of  live  hours,  it  bad  acquired  a  deep  crimfon 
tint  throughout. 

The  phial  B  was  eipofed  in  the  window,  in  its  rfAk  cylindrical  cover,  three  days ;  hut 
there  was  not  tlic  fmallcSl  appearance  of  any  change  of  colour  In  the  filk. 

Experimifit  No.  6.  Two  fmall  parcels  of  magnejia  alba,  in  an  impalpable  powder, 
(about  half  as  much  in  each  as  could  be  made  to  lie  on  a  (lulling,)  were  pUccd  in  heaps, 
in  two  china  plates,  A  and  B,  and  thoroughly  moilteued  wUIi  the  bcforc-mcmioned 
aqueous  folution  of  the  oxide  of  gold.  Both  plates  were  pl.iccd  in  [he  time  window  i  the 
moillened  earth  in  the  plate  A  being  expofed  naked  10  the  fun's  rays  ;  while  that  in  the 
plate  B  was  exadly  covered  with  a  tea-cup,  turned  upfidc  down,  which  excluded  all 
light. 

The  rnagmjla  alha  in  the  plate  A,  which  was  e^cpofcd  to  the  Ilrong  light  of  the  fun, 
began  almoll  immediately  to  change  colour,  taking  a  faint  violet  hue,  which  by  degree's 
became  more  and  more  intenfe,  and  in  a  few  hours  ended  in  a  deep  purple  j  while  that  in 
the  plate  B,  which  was  kept  in  the  dark,  retained  the  yellowifii  call  it  had  acquired  from 
the  folution,  without  the  fmallcft  appearance  of  change. 

£.vjMrimf/i(  Ne,  7,     A  fmall  parcel  of  magnrfw  mlh,  placed  on  a  china  plate,  having  been ' 

moilleaetj 
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moiileneJ  with  the  aqueous  folution  oF  the  oxide  of  gold,  and  ihoroughljr  dried  in  a  dark 
ciofct,  was  now  cxpofed,  in  this  dr\J}aUj  to  the  aflion  of  the  direft  rays  of  a  very  bright 
fun. 

It  had  been  expofcd  to  this  ftrong  light  above  half  an  hour,  before  its  colour  began  to 
\)C  fiiifihly  changed ;  and,  at  the  end  of  three  hours,  it  had  acquired  only  a  rery  faint  violet 
hue. 

Being  now  thoroughly  wetted  with  diftilled  water,  it  changed  colour  very  rapidly,  and 
foon  came  to  be  of  a  deep  purple  lint,   npproncliinj;  to  crlmfon. 

Experiment  Na-  8-  A  piece  of  white  taffeta  riband,  which  had  been  wetted  with  th« 
folution,  and  tlioroughly  dried  in  the  dark,  was  fufpended  in  a  clean  dry  phial  of  very  fine 
tranTparent  glafs ;  and  the  phial,  being  well  (topped  with  a  dry  cork,  was  expofed  to  the 
flrong  light  of  a  bright  fun. 

After  the  riband  had  been  eipofed,  in  this  manner,  to  the  aiTtion  of  the  fun's  dirc£l 
rays  about  half  an  hour,  there  were  here  and  there  forae  faint  appearances  of  a  change  of 
lis  colour  ;  but  it  fliowed  no  difpofition  to  take  that  deep  purple  hue  which  the  riband  had 
always  acquired,  when  expofed  to  the  light  in  the  preceding  ciperimems. 

On  taking  the  riband  out  of  the  phial,  and  welling  it  thoroughly  wiih  diHilled  water». 
and  expoCng  it  again,  tvlii/e  thus  incited,  to  the  fun's  rays,  it  almotl  indantly  began  to 
change  colour,  and  foon  became  of  a  deep  purple  tint;  but,  though  I  examined  the 
furface  of  the  riband  with  the  utmod  care,  and  with  a  good  lens,  both  during  the 
experiment  and  after  it,  I  could  not  perceive  the  fmalJeft  particle  of  revived  guld,  nor  did 
I  fee  any  veftigc  remaining  that  appeared  to  indicate  that  any  had  in  faifl  been  revived. 

This  experiment  was  repeated  feveral  times,  and  always  with  refults  which  led  me  to 
conclude,  (what  indeed  was  rcafonablc  to  cxpeifl,]  that  light  has  little  ciTe^l  in  changing 
the  colour  of  metallic  oiidct,  at  fang  at  thry  are  in  a  Jiate  ifcryj}jllizatiirt. 

The  heat  which  is  generated  by  the  abforption  of  the  rays  of  light  mutl  neccflanly,  at  the 
mament  af  its  generation  at  leaCV,  exiH  in  almotl  infiuitcly  final!  fpaces  ;  and  confequcntly, 
it  is  only  in  bodies  that  arc  iii.-oneeivahiy  fmalt  that  it  can  produce  durable  c^ecU,  in  any 
degree  indicative  of  its  extreme  iatenEiy- 

Perhaps  the  particles  of  the  oxide  of  gold  diCfolved  in  water  are  of  fuch  dimenCons  \ 
and  it  is  very  rcmaikabjc,  that  the  colours  produced,  in  fomc  of  my  Experiments  on  white 
ribands,  by  means  of  an  aqueoug  folution  of  tlie  oxide  of  gold,  arc  precifcly  (lie  f^me  as- 
are  produced  from-the  eiidc  of  that  metal,  by  cnamellets,  in  the  intcnfe  heat  of  their 
furnaces. 

As  the  colouring  fubHati^c  isjhe  famci  and  as  the  colourii  produced  are  the  fAine,  why 
fhouLd  *e  not  conclude  that  t)ic  effc£ls  ate  produced,  in  both  licC^  cafes  by  ilie  fame  mean^ 
that  is  to  fay,  by  (he  agcncj  of ,  heat  f  or,  in  other  words,  and.  to  be  mprc  explicit^  by 
expofmg  th-,-  c\ide  in  «  c«tt;tia  temperature,  at  whkh  it  becomes  difpofcd  to  vitrify,  or  » 
undergo  a  ch.inge  in  rcgjrtl  to  the  quantity  of  oxygen  with  which  it  is  combined  ? 

But  the  tcfulls  of  the  following  experiments  alford  dill  more  fatisfattory  informttion, 
rcfpcfliiig  the  intciiGty  of  the  heat  gcntratediii  aU  cafes  where  light  is  ahl'orbod.  and  diC 
ftriiiingcfif^s  which,  nndcr  certain  c  it  cum  ilanccs,  it  is  capable  of  prcdiicing^  '    . 

,  The  facility  with  whieli  moft  of  the  metallic  oxides  ate  reduced,  m  the  dry  vny\-^ 
*'  meant' 
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means  of  charcoal,  flio»-s  that,  at  a  certaia  (liigh)  temperature,  oiygeu  is  (iiCpO&J  to  ^ 
ihofc  metals,  ta  Dtder  to  form  a  cbctnical  union  with  ihe  charcoal,  oi  at  leafl  with  fame 
one  of  its  conlliiueiit  principles,  if  it  be  a  compound  fobftaiice;  and  Jiencs  I  concludcil, 
Aat  goW  might  be  revived,  in  the  vnif.  w^v,  by  means  of  charcoal,  from  a  folution  of  its 
oxide  in  water,  were  it  poSible,  under  fuch  circumflanccs,  lo  communicate  to  the  charcoal^ 
and  to  the  oxide,  ut  thefamt  t'me,  a  deforce  of  heal  fuflicient  for  that  purpofe. 

To  fee  if  this  might  not  beJoni:  by  means  of  light,  1  made,  or  rather  repeated,  the 
following  very  intereftiiig  ciperinicnl : 

Hxperinienl  No.  {}.  Into  a  chin  tube  of  Tcry  fine  colourlefsglafs,  lO  inches  long,  and  *» 
of  an  inch  in  diameter,  clofed  hcmiciically  at  its  lower  end,  I  put  as  many  pieces  of 
chatco.-d,  about  the  (ize  of  large  peas,  as  filled  the  tube  to  [be  height  of  two  inches  ;  and* 
having  poured  on  them  as  much  of  the  aqueous  folution  of  nitro-muriate  of  gold  as  nearly 
covered  them,  expofcd  the  tube,  with  its  contents,  to  the  action  of  the  diied  raya  of  a 
very  bright  fun. 

la  lefs  than  half  an  hour,  fmall  fpeclts  of  revived  gold,  in  all  its  metallic  fplendotir, 
began  to  make  their  appearance  here  and  thereon  the  furface  of  the  charcoal ;  and,  in  Gx 
hours,  the  folution,  which  at  Hell  was  of  a  bright  yellow  colour,  became  perfectly 
eahurlefs,  and  as  clear  and  transparent  as  the  forest  water. 

The  fiirface  of  the  charcoal  was,  in  feyeral  places,  nearly  covered  with  fmall  particles 
of  revived  gold ;  and  the  infidc  of  the  glafs  tube,  in  that  part  where  it  was  in  contact  with 
die  upper  furfacc  of  the  contained  liquid,  was  mod  beautifully  gilded. 

Tliis  gilding  of  the  tube  was  very  fplendid,  when  viewed  by  reflected  light ;  but,  when 
the  tube  was  placed  between  the  light  and  the  eye,  it  appeared  like  a  thin  cloud,  of  a 
^rceniCh  blue  colour,  without  the  fmallefl  appearance  of  any  metallic  fptendour. 

From  the  colour,  and  apparent  denlily  of  this  cloud,  1  was  induced  to  conclude,  that 
the  gilding  on  the  glafs  was  lefs  than  ene  niillienih  pari  of  an  inch  in  thicknefs. 

This  interelling  experiment  was  repeated  fix  limes,  and  always  with  nearly  the  fam« 
refult.  The  gold  was  completely  revived  in  each  of  them,  and  the  folution  left  perfeflly 
colouriefs  :  in  moll  of  the  expctiments,  towevcr,  the  lides  of  the  glafs  were  not  gilded,  all 
the  revived  gold  remaining  attached  to  the  furface  of  the  charcoal. 

In  two  of  thefe  experiments,  I  made  ufe  of  pieces  of  charcoal  which  had  been  previouOy 
boiled  feveral  hours  in  a  large  quantity  of  dil\llled  water,  and  which  were  introduced  wrt, 
nXiAhst,  into  tlic  tube,  and  immediately  covered  by  the  folution,  to  prevent  them  from  im- 
bibing any  air ;  and,  in  different  experiments]  the  folution  was  ufed  of  diQerent  degrees  of 
ftrcngth. 

I  plainly  perceived  that  the  esperiment  fucceeded  belt,  that  is  to  fay,  that  the  gold  was 
foonejt  revived.  In  thofc  cafes  In  which  the  folution  was  msft  diluted :  one  of  the  experiments, 
however,  and  which  fucceeded  pcrfeflly,  was  made  with  the  folution  fo  much  condenfed, 
that  it  was  nearly  at  the  point  at  which  it  became  dlfpofcd  to  cry(t^Ii2e  *. 

•  Thii  sgrcM  ptrfrflly  wiih  ihc  refults  of  (imilar  cxperimcDtt  made  bj  the  ingenious  mi  livdy 
Mn^FvLHAME.     (ScdierElTdy  an  Combullion,  page  it4.) 

Jl  wat  on  reading  hei  book  ihac  I  w»  induced  to  engage  in  thcfi:  iortftigadionl ;  aod  it  wat  by  \itt  cxpcri*- 

Sidhit  that  QMtft  of  the  bccgoing  cxfcriiuenlt  w«icluggcltcil.     R,     ^  lUJ  it     '  < 
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On  examining,  with  a  good  microfcopc,  the  particles  of  reviTcd  gold  which  remained 
attached  to  the  furfacc  of  the  charcoal,  after  it  had  been  dried,  I  found  thera  to  con(ill  of 
ail  infmice  number  of  fmall  fcaks,  feparated  from  each  other*,  not  very  highly  poliflied, 
but  poflefiing  ihe  true  metallic  fpiendour,  and  a  rcry  deep  and  rich  gold  colour. 

The  gold  which  attached  ilfelf  to  the  infidc  of  the  glafs  tube,  was  in  the  form  of  a  ring, 
about  ,'5  of  an  inch  wide,  (badly  defined  however  below,)  and  adhered  to  tlie  glafs  with  fo 
muchobftinacy,  as  not  to  be  removed  by  rinfing  out  the  tube  a  great  number  of  times  with 
water  ;  it  had,  as  has  already  been  obfcrvcd,  a  very  high  poli(h,  when  feen  by  refledled 
light. 
^Thofc  who  enter  into  the  fpirit  of  thefc  invedigations,  will  caGly  imagine  how  impatient 
I  muft  have  been,  after  feeing  the  refults  of  thefc  experiments,  to  find  out  whether  gold 
could  be  revived  from  this  aqueous  folution  of  its  oxide  by  means  of  charcoal,  viiihout  the 
ajjijiance  of  light,  and  merely  by  fuch  a  degree  of  equal  heat  as  could  be  given  to  it  in  llic 
dark.     To  determine  that  important  queftion,  the  following  experiment  was  made- 

Experiment  No.  lo. — A  cylindrical  glafs  tube,  Vo  of  an  inch  in  diameter,  and  10  inches 
long,  clofed  hermetically  at  its  lower  end,  and  containing  a  quantity  of  a  diluted  aqueous 
folution  of  the  oxide  of  gold,  mixed  with  charcoal  in  broken  pieces,  about  the  Gze  of  large 
peas,  was  put  into  a  fit  cylindrical  tin  cafe,  which  was  nicely  clofed  with  a  fit  cover ;  and 
the  glafs  tube,  with  its  contents,  fo  Diut  up  in  the  dark,  was  cxpofed  two  hours,  in  the 
temperature  of  2 10"  of  Fahrenheit's  fcale. 

On  taking  the  glafs  tube  out  of  its  tin  cafe,  I  found  the  folution  perfeBly  calturle/i,  and 
the  revived  gold  adhering  to  the  furface  of  the  charcoal. 

On  repeating  the  experiment,  and  ufmg  the  folution  nearly  faturated  with  the  oxide,  tlio 
refult  was  precifely  the  fame ;  the  folution  being  found  perfeflly  colourlefs,  and  the  re- 
vived gold  adhering  to  the  furface  of  the  charcoal. 

I  own  fairly,  that  the  refults  of  thefe  experiments  were  quite  contrary  to  my  expe£l»« 
tions,  and  that  I  am  not  able  to  reconcile  them  with  my  hypothelis,  refpedllng  the  caufes 
of  the  reduflion  of  the  oxide,  in  the  foregoing  experiments )  but,  whatever  may  be  the  fate 
of  this,  or  of  any  other  hypothecs  of  mine,  I  hope  and  trud  that  I  never  (hall  be  fo  weak  as 
to  feel  pain  at  the  dlfcovery  of  truth,  however  contrary  it  may  be  to  my  expectations  j  and 
ftill  Icfs,  to  feel  a  fccrct  wifli  to  fupprcfs  experiments,  merely  becaufe  their  refults  militate 
againll  my  fpeculaiive  opinions- 
It  is  proper  1  Ihould  obferve,  that  the  charcoal  ufcd  in  this  lad-mentioned  experiment 
had  been  boiled  two  hours  in  diftilled  water  j  by  which  means  its  pores  had  been  fo  com- 
pletely filled  with  that  fluid,  that  the  pieces  of  it  that  were  ufed  were  fpecifically  heavier 
than  waterj  and  funk  m  it  to  the  bottom  of  the  containing  veflbl. 

(T(i  be  continu«i.) 
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j^o6  Comparative  Analjfes  9f  Gums  and  Sugar  * 

VI. 

Experiminis  and  Obfervations  on  the  Nature  of  Sugar ^  and  of  Vegetalle  Mucilage.     By  tfr. 

JVjlLIAM  C&UICZSHANKy  Clemijl  to  the  Ordnance^  &'r.* 

M?  R  O  M  the  failure  of  thefe  trials  to  convert  xnucllages  into  fomething  refembling  fugar, 
we  began  to  fufpe£l  that  they  were  not  fo  Gmple  as  had  been  generally  fappofed.  With  a 
Tiew  to  throw  fome  light  on  this  fubjcft,  the  following  comparative  experiments  were  made  r  • 

One  ounce  of  powdered  gum  arabic  was  introduced  into  a  coated  glafs  retort,  to  which  H 
receiver  with  the  pneumato-chemical  apparatus  was  adapted :  heat  being  gradually  applied^ 
there  came  over  into  the  receiver  3  dr.  30  gr.  of  pyromucous  acid,  mixed  with  a  little  heavy 
cmpyreumatic  oil.  After  the  retort  had  been  red-hot  for  fome  time,  it  was  removed,  and  the 
diarry  reCduun)  which  it  contained  was  found  to  weigh  i  dr.  46  gr.  This  bad  a  grcyifli  co^ 
lour,  .and  burned  very  flowly ;  but  when  expofed  to  a  ftrong  heat  in  an  open  crucible,  it 
left  a  whitiOi  powder,  amounting  to  10  grains,  which  was  found  to  be  lime  miied  with  a. 
Tery  fmaH  proportion  of  calcareous  phofphate. 

Th^  pyromucous  acid  being  fuper-faturated  with  lime,  a  ftrong  Cnell  of  ammonia  waa 
inftantly  perceived ;  and  a  piece  of  paper  dipped  in  muriatic  acid  being  held  over  the  veffid^. 
copious  white  fumes  were  immediately  produced.^  This  circumftance  ihews».  that  asote 
forms  a  conftituent  part  of  the  gum. 

There  were  coUe£ied  in  the  pneumato-chemical  apparatus  273  oz.  meafures  of  gas ;  of 
this  93  were  carbonic  acid,  and  the  remaining  180,  that  fpedes  of  hydra-carbonate  whidi 
M  obtained  by  heat  from  moiftened  charcoal. 

Two  meafures  of  this  gas,  well  freed  from  carbonic  acid,  were  mixed  with  i  j^.^f  %eof 
pure  oxygen  gas,  and  introduced  in  a  ftrong  glafs  jar,  filled  with  and  inverted  over  mer- 
tary :  when  fired  by  the  ek^iric  (hock,  they  occupied  the  fpace  of  one  meafnre  only  r 
lime  water  being  admitted,  the  whole  was  abforbed,  except  a  very  fmall  particle,  which  waa 
found,  from  the  nitrous  teft,  to  be  pure  air.  From  a  number  of  experiments  we  have 
found,  that  twelve  meafures  of  oxygen  gas,  when  united  with  carbon,  produce  ten  q£  ^ 
carbonic  acid  gas.  Hence  it  follows,  that  the  quantity  of  oxygen  gas.  ncceSaucy  to  the  fbiw 
station  of  carbonic  acid  gas  muft,  in  this  cafe^  have  been  i.i.  meafures,.  or  a  little  better  ^ 
the  remaining  4  muft  therefore  have  been  confumed  in  the  produdiion  of  water,  and  wouldf 
be  fufficient  to  fatuiate  .8  of  h^^drogen,  qqual  in  weight  to  .048  of  a  grain  nearly. 

*  The(e  Ezperiinents,  &c.  are  a  continuation  of  the  Rcfearch  commintcated  in  the  firft  volame  of  this 
Jburnaly  page  337.  In  the  fecond  edition  of  Dr.  Rollo's  Treatifc  on  Diabetes  Mellinis  in  which  that  artida 
if  reprinted,  and  whence  the  aboTc  is  taken,  there  are  a  few  enaendations  in  the  fcccmd  «nd  thini  Dwap 
graphs,  as  follow:  The  Aigar  afforded  %\  drams  of  acid,  which  required  150  grains  of  the  alkaluie  folution  ta 
fiituratc  it;  the  charry  refidue  was  5  drams ;  and  the  gas  which  r/capcd  i\  drams.  The  gum  arabic  affbrdc<L 
7  dr.  40  gr.  of  acid,  which  required  1 18  grains  of  the  folution  of  pot-afK  to  faturate  it ;  the  charry  refidue 
vras  3  dr.  45  gr.;  and  the  gas  which  efcaped  5  drams.  Whence  the  fugar  yielded  more  pyromucous  acid  xkukk 
the  gum,  in  the  proportion  of  150  to  118. 

The  concluding  paragraph  on  page  341,  beginning,  "  Indeed^  iiben  wc  refleB,**  &c.  is  cancelled,   and  the 
bTcftigation  is  continued  as  in  the  text.    The  prcfcnt  article  muft  thcrefwrc  be  r«ad  ai  a  coDtinuatica  froia. 
«oL  L  p.  34i»  of  this  Journal.     N. 
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I7ow,  in  ounce  meaCure  of  carbonic  acid  |;as  weighs  .864  of  a  grain,  and  this  contain! 
.34  of  pure  charcoal:  hence  the  quantity  of  charcoal  to  hydrogen  in  tbia  inflammable  gat 
wuft  be  as  .24  to  .048,  or  5  to  t. 

But  one  meafurc  uf  pure  hydro- carbonate,  fuch  as  may  be  obtnined  from  the  dccompo- 
Ction  of  camphor,  by  making  its  vapour  pafs  through  a  red-hot  earthen  tube,  or  from  the 
ditlillation  of  anima!  fubftances,  opium,  Sec.  requires  two  of  pure  air  to  faturate  it ;  and 
the  quantity  of  carlwnic  acid  amounts  to  1.45,  which  makes  the  proportion  of  carbon  to 
hydrogen  as  1 2  or  1 3  to  i.  Hence  ihcfe  gafc?  differ  materially,  and  ought  not  to  be  con- 
founded: indeed,  the  diftrence  between  them  is  manifctl,  from  the  manner  in  which  they 
burn  when  mixed  with  common  air,  and  brought  into  contadl  with  an  ignited  body.  Pure 
liydro-carbonate  burns  flowly,  with  a  perfcflly  while  flame,  and  never  detonaics  ;  on  the 
contrary,  the  compound  inflammable  gas  jutb  mentioned  burns  rapidly,  with  a  rcddidi 
Iflne  flame,  and  more  or  Icfi  of  a  detonation.  We  thought  it  nccefTary  to  meniion  tlii» 
circumdance,  as  much  confufion  might  be  produced  by  applying  the  fame  name  to  fub- 
ftances  conridcrably  difTerem.  It  ii  remarkable  that  xther,  decompofcd  by  heat,  affords 
pure  hydro- carbon  ate,  wbilll  alcohol  yields  the  mixed  fpeciei. 

But  to  return  : — An  ounce  of  gum  tragacanch  was  fubmitted  in  i  COatcd  glafs  retort  ts 
a  fimilar  proccfs,  and  the  produfls  collected  were  as  follows :  , 

dr.    gr. 
Charcoal  remaining  in  the  retort,  -  -  -  '45 

Pyromucons  acid,  -  -  -  .-45 

Carbonic  acid  gas,  -  -  -  -  78  oz.  mcaf. 

Hydro-carbonate,  -  -  -  -  91  ditto. 

The  charcoal  burned  (lowly  with  a  peculiar  phofphorefcent  flame,  and  left  a  white  yt~ 
Tuluum  of  1 2  grains,  which,  was  found  to  conGll  of  lime  mixed  with  a  little  calcaivom 
phofphate. 

The  pyromucous  acid  being  fuper -fat urate d  with  lime,  the  quantity  of  ammonia  diCsn- 
gaged  appeared  to  be  confiderably  greater  than  from  that  afforded  by  the  gum  arabic. 

Having  in  this  way  difcovcred  lime  in  both  fpecies  of  gum,  we  were  anxious  to  know  if 
this  earth  could  be  detcfied  by  reagents,  without  having  rccourfe  10  decompofitlon  by  heat. 
Accordingly,  a  quantity  of  fulpburic  acid  was  dropped  into  a  folulion  of  gum  arabic :  after 
ftanding  for  fomc  hours,  a  number  of  needle-like  cryftals  were  (lowly  dcpofited  :  thefe  be- 
ing feparated  were  diffoWed  in  diJlilkd  water ;  to  this  folution  the  oxalate  of  ammonia  was 
added,  when  a  copious  precipitate  of  oxalate  of  lime  immediately  took  place. 

From  thefe  experiments,  therefore,  it  is  manifeft,  that  gums  confift  of  oxygen,  hydro- 
gen, carbon,  azote,  and  lime,  with  a  little  phofphoric  acid. 

An  ounce  of  refined  fugar  was  next  introduced  into  a  coated  retort,  and  the  pneumato- 
chemical  apparatus  applied,  as  in  the  former  experiments.     The  produ£ls  obtaiiKd  were, 

ot.    dr.     gr. 

Fyromucous  acid,  with  a  drop  or  two  of  empyreumatic  oil,      o    4     30 
Charcoal,         -  -  -  -  -  -020 

Hydro- carbonate,  -  -  -  -  -     119  oz.  mcaf. 

Carbonic  acid,         -  _  ...  41  ditto. 

The  pyromucous  acid  being  fuperfaturated  with  lime,  not  the  leaft  vcftigc  of  ammonii 
could  be  perccivsd.  Sugar,  therefore,  does  not  conuin  azote ;  ncithw  docs  it  contain  lime  j 
3  G  1  for 


4oS 


Camparativt  Anal-^a  sfGum:  and  Sugar, 


tor  \he  cfiarcoal,  which  wis  ofabeantlfullf  black  colour,  burned  out  COmpIeteTy  wlieil 
pofcii  to  a  flrong  red  heat. 

Being  dcfirous  of  afccrtaining  more  completely  ttc  difference  between  common  fugar 
and  the  fnccharine  matter  fecreted  by  the  brcails  of  animals,  an  ounce  of  the  crydalllzed 
fugar  of  tnilL  was  didilled  in  an  apparatus  limilar  to  that  already  defcribcd,  and  the  pro> 
dads  were  found  to  be, 

',  o«.   dr.   gr. 

PyrotnucouE  acid,  mixed  with  a  very  little  empyreumatic  oil,        060 
Charcoal,  with  a  little  phofphatc  of  lime,  -  •  010 

Carbonic  acid  gas,  -  -  -  -  3 1  oz.  mcaf. 

Hydro -carbonate,  of  the  fanie  nature  with  that  obtained  in 

tlie  former  c\pcTiniciits,  _  _  _  1 03  ditto. 

The  charcoal  being  burned  in  an  open  crucible,  there  remained  about  one  grain,  which 
appeared  to  be  phofphate  of  lime  chiefly. 

.  ITie  pyromucous  acid  was  next  fuperlaturated  with  lime ;  but  the  quantity  of  ammonia 
^engaged  was  fo  finall  that  it  could  with  difficulty  be  detcAed :  there  appeared,  however, 
to  be  a  very  little. 

Hence,  then,  it  would  feem  that  thli  animal  fugar,  contrary  to  what  might  be  expe£te<ty 
contains  hardly  any  azote. 

It  would  appear  alfo,  that  it  contains  lefs  charcoal,  and  more  oxygen,  than  common 
fugar. 

In  order  to  inveftigate  dill  further  the  nature  of  thefe  fubftanccs,  we  endeavoured  to 
afcertain  the  quantity  of  oiaiic  bafis  or  radical  contained  in  each,  or  how  much  oxalic  acid 
they  would  afford  *hcn  treated  with  an  equal  proportion  of  the  nitrous  acid. 
'  An  ounce  of  fugar  was  added  to  fix  ounces  of  the  concentrated  nitrous  acid,  diluted  with 
an  equal  bulk  of  water.  Wiicn  the  a^ion  had  in  a  great  meafure  ccafed,  heal  was  applied^ 
and  the  evaporation  continued  until  the  liquor  was  reduced  to  about  an  ounce  by  mea- 
fiire:  after  this  had  cooled,  the  cryllaU  were  feparated  by  filtration,  and  the  remaining 
fluid  again  evaporated,  until  the  whole,  when  crid,  (hot  into  a  mafs  of  cryftals,  leaving 
only  a  few  drops  which  refufed  to  cryllallize.  Thefe  cryRals  being  coUcflcd,  and  well  dried 
on  blotting  paper,  amounted  to  4  dr.  ao  gr.  or  a  little  better  than  half  the  weight  of  the 
fugar  employed. 

An  ounce  of  gum  arabic  was  next  treated  with  an  equal  proportion  of  nitrous  acid  pro- 
perly diluted  :  the  quantity  of  cryllals  collcfled  amounted  to  3  dr.  36  gr.;  but  in  this  in- 
fiance,  the  laft  cryftals  obtained  were  mixed  wilh  an  infalublc  white  powder,  which,  being 
feparated  from  the  oxalic  acid  by  the  addition  of  diftilled  water,  amounted  to  6  gr.  and 
was  found  to  he  oxalate  of  lime.  The  pure  acid,  therefore,  did  not  exceed  3  dr.  and  a 
half.  An  equal  quantity  of  gum  tragacanih  afforded,  by  the  fame  proccfs,  3  dr.  10  gr, 
of  oxalic  acid,  and  10  gr.  oxalate  of  Hme. 

An  ounce  of  the  fogar  of  miik  was  alfo  treated  in  a  fimilar  manticr,  with  fix  ounces  o£ 
the  concentrated  nitrous  acid  properly  diluted,  and  there  were  obtained  in  all  3  dr.  48  gr. 
Thefe  cryftals,  however,  were  mixed  with  a  white  powder,  which,  being  but  a  little  fo- 
loblc  in  water,  was  readily  feparated :  it  amounted  to  30  gr.  and  appeared  to  be  the  fac- 
choladic  acid  of  Schedc }  hence  the  pure  oxalic  acjd  did  not  exceed  3;  dr.  18  gr. 
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An  ounce  of  honey  jicldcd,  by  a  fimilar  ptocefs,  4  dr.  4  gr.  of 'pure  oxalic  acid,  but 
exhibited  no  Ggns  of  faccholadic  acid. 

The  following  Table  will  (hew,  at  one  view,  the  different  produfls  rcfulting  from  dc- 
[Irudivc  diftillation,  with  their  relative  prnportions,  and  Ukcwtfe  thofc  obtained  by  the 
niiious  acid. 


SubHiacei  (mployed. 

Produas  obtained  by  Heat. 

Produds  obtained  by 

Nitrous  Acid. 

Ctiircoil,  tcz. 

ryrocnuca.. 

Cirlwnic  AliJ 

Hydrocj-bon- 

Oiilic  Avid. 

Othe.  SubftjQMi. 

Sugar,     -     -     - 

0..     dr.      I, 
0      J         0 

«.     dt.      p. 
0      4      30 

01.  mc.rucc 
41 

01.  mtifurei, 
119 

...    dr.     gr- 
0      4       20 

None. 

Honey,     -      - 

044 

None. 

Sugar  of  Milk, 

010 

060 

3' 

103 

0    3     "8 

30  grains  of  fac- 
chDlaaic  add. 

Gum  Arabic,   - 

0       .       36 
andlime  10 

0     3     30 
with  fome 

93 

180 

0    3    30 

Onalate  of  lime, 
6  graiiM. 

0      I     46 

GumTragacanlh, 

0    1    3i 

andlime  13 

0     4       5 
with  tome 

73 

9' 

Oialateoflime, 

10  grain*. 

0      '      45 

From  thefe  experiments  it  would  nppear,  that  fugar  confifla  merely  of  carbon,  hydro- 
gen, and  oxygen ;  and  ihat  gum  dilTers  from  fugar,  not  only  in  containing  a  lefs  propor- 
tion of  oxygen,  but  alfo  by  its  combination  with  hmc  and  azote  1  and  that  the  fngar  of 
milk  differs  from  both,  as  it  contains  ihe  radical  of  the  faccholadic  acid  :  in  other  tefpc^tt, 
however,  it  approaches  very  nearly  to  the  nature  of  vegetable  fugar.  Does  the  milkof  car- 
nivorous and  graminivorous  animals  yield  the  fame  proportion  of  this  acid^  and  is  this  fu^ 
gar  iifcif  always  of  the  fame  nature  ? 

From  the  well  known  fa£ls  rcfpedling  vinous  fermentation,  there  is  now  rcafon  to  fup- 
pofe,  that  no  fubftances,  but  thofc  which  conlifl  fimply  of  carbon,  hydrogen,  and  oxy>- 
gcn,  arc  fufcepiiblc  of  it,  and  that  an  union  with  a  fourth  changes  the  nature  of  the  com- 
pound fo  much  as  to  render  thisprocefs  impraaicable. 

With  a  view  to  throw  fomc  light  on  this  obfcurc  fubjcft,  the  following  cxpcrimenra 
were  made  : 

Augufi  4,  I7q8.— An  ounce  of  fugar  diffolvedin  5  ounces  of  water  was  digeflcd  with  a. 
little  frelh  flaked  quicklime,  in  a  moderate  heat,  for  about  '  s  minutes;  the  fuluiion  was  thin 
filtered,  and  about  2  drachms,  hy  mcafure,  of  good  yeait  added  ;  the  vcffcl  and  mixture, 
weighing  1 7  oz.  2  dr.  w  ere  introduced  below  a  large  glafs  bell. 

There  was  placed  clofe  to  it,  as  a  flandard,  another  veDcl,  containing  an  otince  of  fogar 
difiolvcd  in  5  ounces  of  warm  water,  and  to  which  an  equal  quantity  of  yeail  was  added.  This 
veffcl  and  mixture,  which  weighed  together  17  oz.   I  drachm,  20  grains,  were  likcwife 

placed 
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placed  under  a  glafs  bell.    The  temperature  of  the  room  during  the  whole  of  thU  experi- 
ment was  rather  high,  and  varied  from  68°  to  75°  of  Fahrenheit. 

The  lad  mixture  began  to  ferment  in  12  hours,  and  in  24  the  procef$  feemed  very  briflci 
much  water  now  condenfing  on  the  fides  of  the  bell.  In  five  days  the  procefs  began  to  fub* 
fide  5  in  feveti,  the  yeaft  fell  to  the  bottom,  and  the  liquor  became  clear.  The  mixture^ 
at  this  time,  fmelled  ftrongly  of  beer  turned  a  little  four,  although  it  ftill  tafted  fweet- 
i(h.  It  was  fuffcred  to  remain  until  the  28th,  when  it  was  removed  from  the  bell  and 
weighed,  and  the  lofs  was  found  to  exceed  three  drachms :  it  now  tafted  much  like  a  mixture 
of  ftrong  vinegar  and  honey.  During  the  whole  of  this  period,  amounting  to  24  days, 
the  mixture,  containing  the  fugar  digefted  with  the  lime,  never  (hewed  the  leaft  appear- 
ance of  fermentation,  nor  was  there  any  moifture  condenfed  on  the  fides  of  the  bell.  The 
vcflel  and  mixture  being  now  weighed,  the  lofs  amounted  to  two  drachms  nearly;  the  li- 
quor fmelled  very  mufty,  and  had  a  rough  aftringent  tafte,  mixed  with  fweetnefs,  but  wa6 
not  in  the  leaft  acid.  In  this  inftance  the  yeaft  fell  to  the  bottom  very  foon,  the  liquor 
continued  more  or  lefs  mouldy,  and  became,  at  laft,  a  little  mouldy  at  the  top. 

We  next  digefted  an  ounce  of  fugar,  diflblved  in  five  ounces  of  water,  with  a  little  pot- 
a(h,  and  to  the  filtered  folution  added  about  two  drachms  of  very  good  yeaft.  This  mix- 
ture wag  expofed  in  an  open  veffel  to  a  temperature  of  about  65°;  and  anotlier  veflel,  con- 
taining a  folution  of  an  equal  quantity  of  fugar,  mixed  with  yeaft,  placed  by  it  as  a 
ilandard. 

The  folution  with  the  yeaft  alone  began  to  ferment  in  12  hours  ;  but  the  other,  contain* 
ing  the  pot-a(h,  (hewed  no  fymptoms  of  fermentation  at  the  end  of  12  days. 

Being  now  in  a  great  meafure  fatisfied,  that  any  fourth  fubftance  combined,  although  in 
fmall  quantity,  with  the  three  which  form  fugar,  would  prevent  fermentation,  we  next  withed 
to  know  if  every  compound,  confifting  of  carbon,  hydrogen,  and  oxygen,  however  differently 
thefe  fubftances  might  be  proportioned,  were  fufceptible  of  its  procefs.  The  fugar  of  milkj 
from  what  has  already  been  obferved,  evidently  confifts  of  thefe  three  fimple  fubftances;  but» 
from  a  number  of  its  fenfible  properties,  and  the  refult  of  its  analyfis  by  heat,  as  well  as 
its  containing  the  radical  of  the  facchola£^ic  acid,  it  is  manifeft  that  their  combinations 
and  proportions  muft  be  very  different  from  thofe  in  common  fugar. 

We  therefore  mixed  a  folution  of  its  faccharine  matter  with  the  ufual  quantity  of  yeaft^ 
and  expofed  it  to  a  temperature  ranging  from  65°  td  70° :  in  four  days  fome  degree  of 
fermentation  was  perceptible,  and  in  three  days  more,  became  briik  :  at  the  end  of  fixteen, 
when  its  procefs  had  apparently  ceafed,  the  liquor  was  examined  :  it  now  had  the  fmcU 
of  cyder,  but  rather  more  of  the  flavour  of  apples ;  to  the  tafte  it  was  very  four,  and^ 
when  added  to  the  tin£^ure  of  litmus,  ftrongly  reddened  it. 

The  acid  thus  procured  either  contained  or  confifted  of  common  vinegar;  for  with  the 
pxyde  of  lead  it  formed  a  fweet  faline  mafs,  compofed  evidently  of  flender  prilmatic 
cryftals  whirh  were  not  deliquefcent.*  < 

Hence  it  is  manifeft,  that  the  fugar  of  milk  is  at  leaft  in  fome  degree  fufceptible  of 
the  vinous  fermentation. 

Having  obferved,  in  our  attempts  to  convert  gum  into  fugar,  that  it  feemed  to  run  cafily 
into  the  acid  ftate,  we  were  anxious  to  know  if  any  thing  like  fermentation  preceded  thi^ 

**  See  Scheelc^s  Eflayi,  page  274, 
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ftite,  or  if  it  w»s  pofflblc  to  convert  it  into  an  acid,  by  mere  exporurc  to  the  air,  without 
the  addition  of  forae  fubftancc  contamiag  much  oxygen,  as  the  nitrous  or  oxygtnaled  muriatic 
acids.  Accordingly  a  folution  of  gum  arabic,  mixed  with  a  proper  proportion  of  goodyeall, 
was  introduced  into  an  open  vefle),  and  kept  at  a  temperature  ranging  from  68"  to  75°  for 
twenty-fix  days,  but  during  this  period  nothing  hke  fermentation  was  perceived  :  the 
mixture  at  lad  emitted  a  very  peculiar  and  ofFrnfive  fmell :  the  gum,  however,  rtill  retained 
its  natural  tallc,  and  was  not  in  the  IcrU  four.  In  this  cafe  it  Ihould  appear,  that  the 
azote,  and  lime,  which  in  the  gum  arc  combined  with  carbon,  hydrogen,  and  oxygen, 
prevented  the  vinous  fermentation,  and  coDfequently  the  formation  of  any  thing  like  vinegar. 

It  l)as  been  Cuppofcd,  that  a  decoflion  of  purely  animal  matter  mijjht  undergo  certain 
fpontaneous  changes,  and  at  latl  become  acid.  In  order  to  determine  this  point,  about 
fixteen  ounces  of  a  ftrong  decoiftion  of  beef  were  iniroduced  into  an  open  vcfl'el,  and  kept 
sit  the  temperature  of  about  68"  or  70°.  A  few  days  after,  an  equal  quantity  of  a  (Imilar 
decodion,  mixed  with  an  ounce  of  ycalt,  was  likewifc  expofed  in  an  open  vclTel  to  air  of 
the  fame  temperature. 

At  the  end  of  five  days,  the  deco£lion,  without  any  mixture,  began  to  (hew  evident 
marks  of  putrefa^tioi},  but  did  not  in  the  lead  tafVe  acid,  nor  had  it  ever  (hewn  any  GgD* 
of  vinous  fermentation;  in  two  days  more  it  became  extremely  oScnfive,  accompanied 
with  the  produ£lion  of  ammonia.  ' 

The  deco£lion  with  the  yeaft  did  not  (liew  any  evident  Cgns  of  putrefa^ion  until  tlic 
feventh  day,  but  there  was  nothing  like  fermentation  perceived  ;  in  two  days  more  it 
became  extremely  putrid  and  offenfivc,  and  was  thrown  away. 

Hence  it  fliould  appear,  that  neither  vegetable  nor  animal  mucilages  arc,  when  pure,  in 
any  degree  fufceptible  of  the  vinous  fermentation :  indeed,  thefc  are  fails  which  have  been 
fo  generally  admitted,  that,  had  not  a  contrary  opinion  been  lately  advanced,  we  (hould 
have  conceived  the  three  laft  experiments  unneceflary. 

The  miftake  has  no  doubt  arifen  from  obferving  the  facility  with  which  a  decoction  of 
a  mixture  of  animal  and  vegetable  matter  runs  into  the  acid  ftatc  :  but  in  this  cafe  tlie 
animal  fubftancc  performs  the  part  of  yeaft  only  ;  and  it  is  in  this  way  that  diabetic  urine  fo 
readily  ferments  fpontancoufly,  and  becomes  vinegar. 

From  the  preceding  experiments  we  may  draw  the  following  concluGons.: 

ift.  That  fugar  confifts  of  carbon,  hydrogen,  and  oxygen  i  and  may  be  conCdcred 
as  a  pure  vegetable  oxyde. 

ad.  That  fugar  of  milk  is  compofed  of  the  fame  principles,  but  contains  more  oxygen 
and  conftderably  lefs  charcoal. 

3d.  That  gum  dilfers  from  fugtr  tn  contuoiog,  befides  carbon>  hydrogen,  and 
oxygen,  both  lime  and  azote. 

4th.  That  vegetable  farina  cannot  be  converted  into  faccharine  matter,  without  the  joint 
sAion  of  oxygen  and  water ;  the  firft  of  which  appears  to  be  abforbed,  and  the  lalt 
decompofed,  during  this  procefs. 

5th.  That  when  fugar  is  deprived  of  its  oxygen,  or  combined  with  other  fubfiances* 
itlofesitt  charaiSferillic  properties,  and  is  no  longer  fufceptible  of  the  vinous  fermcntatioi^ 

6th.  That  neither  vegetable  nor  animal  mucilages,  in  their  puK  ftatc,  are  fufceptible  oE 
this  procert, 

Vn.  On 


MuitufaSurt  of  IIorts.'-MatalUe  Sui/fiiutt. 


X3ri  iht  Am/iVVtnug  Tllre  Cloth  with  a  tranfpareiit  Varnifb,  as  a  Suhjiiutt  for  Hor. 
ether  Oije^j  offul/lic  Vlility.  By  Az£XIS  RoCHON,  of  the  National  hijhule  of  Fr.,n 


;  and  on 
e,  iSc* 


iN  the  progrcfs  of  ihc  prefcnt  war,  the  marine  ftore-houfcs  of  France  were  totally  wlth- 
■out  ihc  cfTeinijI  article  of  horns  for  lanthonis.  It  was  impofliblc  to  fubtt'itaie  glafs  in  the 
place  of  this  article,  on  account  of  its  briitlenefs,  and  the  obvious  danger  which  might  rcfult 
from  that  quality.  In  this  fituation  of  diftrefs,  the  agents  of  the  French  govcrnmenl  coo- 
-fultcd  Citizen  Rochon,  and  directed  him  to  make  every  experiment  he  could  think  of  to  AM- 
cover  a  proper  fubdiiute.  His  attention  wasftfldircifledioa  memoir  of  the  celebrated  Poivre 
iOn  the  fabrication  of  lanihorns  of  horn  by  the  Chinefe.  It  is  known  that  this  indullrioaa 
nation  prefer  horn  to  glafs  on  account  of  its  cheapnefs  and  icughnefs,  and  that  they  poflefs 
the  art  of  welding  this  fubdance  together  with  fo  much  delicacy,  chat  they  maku  lantboras 
■of  two  feet  diameter  of  aftoiiifhing  Iranfparency,  and  to  all  appearance  of  one  fingle  picce> 
It  isalfo  known  that  the  Chinefe  ufc  the  horns  of  goats  and  flieep  only,  which  they  foftcn  and 
iplit  into  laminx  by  procelTes  fuppofed  to  be  unknown  in  Europe  ;  or,  perhap'^,  by  emplof- 
ing  a  proportion  of  human  labour  and  patience  for  that  purpofe  which  the  European  de- 
mand might  be  inadequate  to  repay.  Citizen  Rochon,  who  does  not  appear  to  be  perfeflly  \ 
aware  of  the  degree  of  accuracy  with  which  tlie  fame  art  of  fplttting  horn  is  pra£lifed  in 
Europe,  propofed,  that  the  horns  of  beeves  fliould  be  fawed  into  laminx,  and  then  fcraped 
and  polithcd ;  or,  to  which  he  gives  the  preference,  that  they  Oioutd  be  laminated  in  boil- 
ing water. 

While  this  afllve  philofophcr  was  employed  at  Breft  in  eftablifhing  a  manufactory  for 
laminating  the  horns  of  beeves,  which  he  purpofed  to  reduce  into  the  (late  of  a  paftc  by 
means  of  pure  alkali  in  the  digefler  of  Papin,  it  occurred  to  him,  that  he  might  fupply 
the  preOing  wants  of  the  navy  by  another  expedient^  which  conGHed  in  the  application  Of 
a  coating  of  glue  upon  wire  cloth. 

In  this  procefs,  he  at  firfl  tinned  the  iron  wires  of  the  Cere  clotli  he  made  ufe  of,  but 
tiflerwards  found  it  more  convenient,  in  every  refpefl,  to  give  it  a  flight  coating  of  oU 
paint  to  prcferve  it  from  ruft.  The  glue  he  made  ufe  of  was  afforded  by  boiling  the  clip* 
pings  of  parchment  with  the  air-bladders  and  membranes  of  fca-fifh  ;  materials  which  he 
ofed,  not  from  any  notion  that  they  were  preferable  to  IGngtafs,  but  becaufe  they  were  the 
cheapen  he  could  procure.  He  added  the  juice  of  garlick  and  cyder  to  his  compo{icion,  in 
proportions  which,  I  fuppofe,  he  did  not  meafure,  but  which  he  found  to  communicate 
great  tenacity  and  fomewliat  more  of  tranfparence  than  it  would  have  pofTefled  without 
them.  Into  this  tranfparent  and  very  pure  glue  or  fizc  he  plunged  his  wire  cloth,  which 
came  out  with  its  interflices  filled  with  the  compound.  It  is  requifite  that  the  Cze  (houtd 
poflcfs  a  determinate  heat  and  confidence,  concerning  which,  experience  alone  muft  guide 
die  operator. 

•  Eitraflcd  from  i  memoir  rcaJ  (o  tlic  Njtional  Inftiiuie  of  Franu  the  nil  Ventofe,  intheyetrVT. 
(March  mh,  1198),  and  infertcd  in  the  Journal  de  I'hvTique  for  April  1798.  The  memoir  containi  varioui 
polmcil  wid  economical  obfervations  more  particularly  applicable  to  France,  with  genenl  obftrvBtioni,  which  I 
have  ■«  thought  it  aeceffaty  either  to  tranJcribe  or  abridje  j  nciiUer  have  1  been  fbliciious  to  take  the  veiy 
v»[ds  of  oiy  author  in  the  i^aa  I  have  abftraftcd.     N. 

When 


Jfii-f  Oolh  prepared  for  Lmithrnt  ami  othtr  Uffr- 
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When  iliis  prepared  wire  cloili  is  fixed  in  the  lanthorn,  it  mull  be  defended  fiom  molflurc 
by  a  coaling  of  pure  drying  linfecd  oil ;  but  even  in  ihis  ftace  it  is  not  fit  to  be  ex- 
pofcd  to  the  weather.  The  eafe  with  which  thefc  laiithorns  arc  repaired  in  cafe  of  acci- 
dent, by  a  flight  coating  of  glut,  is  pointed  out  as  a  great  advantage  by  the  inventor,  who 
likewife  infoims  us  that  they  were  ufed  in  the  expedition  to  Ireland  as  Ggnal  lantlionis, 
though  contrary  to  his  wlflies.  For  this  ufe  he  recommends  the  large  plates  of  mica, 
which  were  then  imported  from  Bolton.  With  the  latter  fubllanee,  enclofed  between  two 
pieces  of  very  open  wire  cloth,  he  made  certain  fquares,  a6  inches  iti  lengih  and  i8  in 
width,  for  the  light-houfe  at  Ulhant,  which  had  been  damaged  by  a  flock  of  wild  ducki, 
that  flew  through  the  windows  and  daftied  out  the  lights- 
Citizen  Rochon  affirms,  that  lanthorns  of  wire  cloth,  prepared  in  his  method,  are  much 
vlieaper  thin  thofe  made  of  tin  and  horn ;  that  they  are  very  cheaply  repaired,  and  afford  a 
Aronger  light. 

He  applied  coarfe  iron  wire  cloth  to  another  ufe,  which,  he  thinks,  may  be  worth  attention 
in  future.  He  made  the  roof  of  one  of  his  workftiops  of  this  wire-cloth  in  order  to  avoid 
the  danger  of  fire,  and  covered  it  with  a  flight  coaring  of  plailter.  He  tbinU  that  a  com- 
|)ofition  of  lime  and  pounded  fcales  of  iron  would  have  been  preferable.  This  coating 
ought  not  to  be  thicker  than  a  date  ;  and  he  recommends  that  it  fliould  be  penetrated  with 
boiling  whale  oil,  and  painted  with  tar  and  ochre.  Such  a  roof  would  afford  no  hold  for 
the  wind,  and  might,  as  he  apprehends,  be  of  confiderable  ufe  to  defend  buildings  and 
flieds  which  require  particular  defence  againlt  fire- 
In  the  courfe  of  experiments  made  for  the  difcovery  of  a  varmfii  proper  to  defend 
his  new  lanthorna  from  moillure,  Citizen  Rochon  did  not  employ  rcfins  or  copal,  which 
are  always  fimewhat  friable,  but  a  perfcdl  folution  of  claltic  gum  in  drying  linfced 
oil.  This  varnilh  or  unguent  having  fixed  the  attention  of  Gcnouin,  that  learned  cheraift 
demanded  whether  it  might  not  be  pradlicabic  to  ufe  it  in  making  bougies  and  other 
medical  inftrumenis,  which  were  alfo  at  that  time  very  much  wanted.  From  this  fug- 
gellton,  Rochon  employed  the  Englifli  machine  for  weaving  whips  to  make  the  more  coa- 
fcftent  part  of  the  inftrumcnt.  He  plunged  this  woven  piece  in  a  mixture  of  melted  wax  with 
a  little  ochre,  then  drew  it  through  a  wire  plate  to  take  oft'  the  fuperfluous  wax,  and  render 
it  perfeifHy  fmooth;  after  which  he -ipplicd  the  variiifli  of  chllic  gum,  whicJi  completed 
the  indrument. 

Sartori,  ornamental  painter  at  Breft,  pointed  out  to  our  operator  that  fifli  glue  is  pre- 
ferable 10  parchment  fizc  upon  open  wire  cloth,  becaufe  it  is  more  tranfparent  and  ilronger. 


On  the  Produ3iofi  of  Nhric  A^id  hy  the  ContaS  of  Oxygen  very  taiieh  healed  and  the  Air  of  the 
Atmsfpher^, 

JT  A  U  L,  a  celebrated  artift  at  Geneva,  having  conftniflcd  and  improved  the  apparatus  of 
Watt  for  the  produflion  of  the  gafes,  was  employed  in  obtaining  by  means  of  this  apparatus 
the  oxygen  gas  from  the  black  oxide  of  manganefe,  taking  care  not  to  clofe  the  apparatus  till 
the  manganefe  was  red-hot,  in  older  to  permit  the  cfcape  of  the  water  and  carbonic  acid 

■  Communieaied  lo  Dr.  Dclamctbtric  by  J.  L.  Ottier.    Juumal  de  Phyfiiut,  iii.  New  Scriii,  p.  4*4. 

VoL.  11.— Pec.  179?.  3  H  '  which 


4T4>  Ne^  ProduBwn  of  Nitrous  Acid.'^Of  ike  CbryfoRU. 

"which  this  oxiJe  always  contaips  in  its  native  (late.  While  the  gas  was  extricated  in  greatr 
abundance,  one  of  the  cocks  of  the  tube  through  which  the  gas  pafled  was  accidentally* 
opened,  fo  that  a  portion  of  the  gas,  very  hot  and  pure^  was  emitted  into  the  atmofphere* 
At  the  fame  inftant  all  the  alHilants  were  furprifcd  by  a  manifeft  fmell  of  nitric  acid,  and 
a  flight  fume  was  feen  to  rife  from  the  place  whence  the  gas  had  ifTued. 

Profeflbr  Pi£let,  who  was  prefent,  firft  took  notice  of  the  Angularity  and  importance  of 
this  fa£l.  It  appears  to  prove,  that  when  hot  and  very  pure  oxygen  is  brought  into  contaft 
Vith  the  atmofpheric  air  at  the  ordinary  temperature,  nitric  acid  is  formed  by  the  chemical 
combination  of  the  two  conftituent  principles  of  that  acid ;  fo  that  by  caufing  pure  and  hot 
oxygen  gas  on  the  one  hand,  and  atmofpheric  air  on  the  other,  to  pafs  into  a  glafs  glob^ 
or  any^ther  clofe  vcflfel,  a  great  quantity  of  nitric  acid  gas  would  be  obtained^  which  might 
be  condenfed  and  abforbed  by  water  previouOy  put  into  the  velTdl.  Again,  it  is  known  that 
inanganefe  has  the  property  of  abforbing  the  oxyjfcn  of  the  air,  or  of  water,  when  derived 
of  i:3  original  portion  by  mcnns  of  fire.  It  might  therefore  be  pradlicable,  by  means  of  at 
itetcrminate  quantity  of  the  black  oxide  of  manganefe,  to  obtain  fucceflively  frpm  the  4it- 
mofpheric  air  itfelf  an  unlimited  quantity  of  nitric  acid,  which  would  befides  have  the  ad- 
vantage of  being  perfedly  pure,  if  care  was  taken  to  purify  the  atmofpheric  air  made  ufc  of 
in  the  operation*. 


w 


IX. 

Analjfts  of  the  Cbryfollte  of  the  Jewellers^  proving  it  to  be  Phofphate  of  Lime^ 

By  Citizen  FaU^ELIN-\^ 


H  £  N  I  frequently  heard  from  the  mouth  of  Fourcroy,  in  his  leAures  during  the 
hft  ten  years,  and  repeated  in  my  memoir  on  the  new  metal  contained  in  native  red  lead^ 
that,  if  the  art  of  the  chemid  could  be  exercifed  upon  the  obje£ts  of  natural  hiftory 
preferved  in  coliedHons,  difcoveries  would  often  be  made  of  much  utility  to  the  advance* 
nicnt  of  that  fciencej  I  did  not  expeft  that  I  fhould.have  fo  fpeedy  an  opportunity  o/ 
evincing  the  truth  of  that  obfervation  to  the  Inftitute. 

Natnralifts  have  hitherto  confidered  the  chryfolke  as  a  precious  (lone  of  the  fecond 
order,  and  all  writers  have  arranged  it  at  the  end  of  th«  gems  properly  fo  called.  Citizen 
JLametherie,  in  his  Manuel  du  Mineralogide,  placed  it  immediately  a£ter  the  emerald  and 
ihe  aqua  marine  ;■  Citizen  Sage,  in  his  Chemical  AnalyHs,  has  ranged  it  with  the  faphir  ^ 

♦  THis  fa6t  appears  to  dcfcrv'c  the  notice  which  the  Author  and  the  worihy  Genevan  Profeflbr  have  be- 
ftowtd  upon  it,  and  is  certainly  entitled  to  farther  in vefti elation.  In  order  that  the  (peculations  at  the  end  of 
the  paper  may  be  admitted  or  refuted,  it  appears  necelTary  to  determine,  whether  the  elaftic  fluid  which  cf- 
Mpcd  was  pure  oxygen,  or  was  contaminated  with  nitric  acid.  Thismit;hr  have  been  afcertatnediby  examining 
the  water  over  which  the  gas  was  collected.  As  the  native  oxide  of  mangancfe  contains  azote,  which,  «s  Fonrcroy 
informs  us,  is  driven  over,  for  the  mod  part,  before  the  ignition ;  and  as  Milncr  and  Cavendifti  have  ihe\^Q 
that  nitrous  acid  is  formed  by  tho  combination  of  oxygen  and  azote  at  a  red  heat,  there  (tiim^  to  be  fome  ground 
for  fuTpicioD,  that  the  nitrous  acid  in  the  cafe  before  us  was  formed  by  a  remaining  portion  of  azote  in  the  mai^ 
gancfe  after  the  ignition  look  place.     N. 

f  Read  to  the  iirfl  clafs  of  the  National  Inftitute  of  France,  in  Bnimaire,  in  the  year  VI.  (Nov.  1797. 1 
It  is  infened  in  the  Annales  de  Chimie^  xxvi.  123.  I  have  added  the  words  in  the  title  exprcfling  the  com<» 
poDCRt  parts  «f  this  ftone.    N. 


Anal^ts  of  the  Chrjfolite.  ^1  j 

%tiA  Wallerius  has  placed  it  between  the  emerald  and  the  garnet.    The  account  of  this 
author  is  copied  in  the  note  below*. 

Kirwan  ufes  the  term  chryfolite  to  denote  merely  the  peridot,  which  &e?erthele(B 
differs  from  it  greatly  in  the  nature  of  its  principles. 

A  chard  of  Berlin  analyfed  a  fpecies  of  chryfolite  in  which  be  affirms  that  be  found 
filcx  0.15  ;  alumine  0.64  ;  lime  0.17  ;  iron  o.i. 

But  the  refults  of  this  analyfis  are  fo  different  from  mine,  that  I  ftrongly  fufpe£i  he  muft 
liave  operated  on  a  different  ftone  from  the  true  chryfolite.  This  fufpicion  is  fo  much 
the  more  probable,  as  the  name  of  chryfolite  has  been  given  to  many  different  (loner, 
particularly  the  peridot,  the  chryfo-beryl,  the  olivine,  and  in  general  all  flones  which 
have  a  green ifli  yellow  colour. 

Citizen  Launoy,  in  a  journey  he  is  at  prefent  performing  in  Spain  to  colle£l  the  objeftf  , 
of  natural  hiftory,  found  in  the  hands  of  a  dealer  a  confiderable  quantity  of  chryfoliteti 
which  he  fent  to  Paris  \  and  the  Council  of  Alines  having  purchafed  part  of  them,  direAed 
.  me  to  fubmit  them  to  analyfis. 

It  was  not  long  before  I  difcovered  that  this  fo(BI,  which  has  all  the  external  appearances 
of  a  flone,  is  not  truly  of  that  clafs  5  but  that,  on  the  contrary,  it  is  a  fait  compofed  of  tn 
acid  and  a  bafe  which  are  both  well  known  \  namely,  the  phofphoric  acid  and  lime. 

As  foon  as  I  had  obtained  this  firfl  refult  I  enquired  of  Citizen  Hauy,  whether  he  had 
compared  the  mafles  of  chryfolite  with  thofe  of  the  apatite  or  crydallifed  phofphaie  of 
lime.  He  anfwered,  that  he  had  not,  but  that  he  had  among  his  papers  the  relative  refults  of 
the  primitive  forms  of  both,  and  would  immediately  compare  them.  He  found  with 
pleafure  that  they  did  not  differ  in  the  leaft  appreciable  quantity ;  and  this  coacluGon  may 
even  be  drawn  from  the  refults  of  which  he  has  given  an  abflra£l  in  his  treatife  publiflied  in 
the  Journal  des  Mines.  Citizen  Hauy,  therefore,  difcovered  by  geometry  what  I  confirmed 
by  chemical  analyfis ;  and  this  fatisfaflory  agreement,  between  two  fciences  apparently  fo 
remote  from  each  other,  affords  a  proof  of  the  truth  and  certainty  of  their  refpe£livo 
principles. 

I  (hall  now  proceed  to  relate  the  experiments  by  means  of  which  I  afcertained  the  nature 
of  the  principles  of  the  chryfolite,  and  determined  their  proportions. 

Experiment  I.  Two  hundred  parts  of  chryfolite  in  cryftals  being  fubjeSed  to  the  af^ion 
of  a  ftrong  heat  for  one  hour,  lofl  their  yellow  colour  without  undergoing  any  change  of 
Form .  or  tranfparency.  They  then  refcmblcd  rock  cryflal,  and  had  lofl  only  one  two- 
hundredth  part  of  their  weight. 

Experiment  2.  One  hundred  parts  of  pulverifed  chryfolite  were  mixed  with  the  fame 
quantity  of  concentrated  fulphuric  acid,  and  about  four  hundred  parts  of  diflilled  water; 
the  mixture  immediately  became  hot,  and  affumed  the  confiflence  of  thick  foup.  ^Nearly 
the  fame  quantity  of  water  as  before  was  added,  and  the  whole  was  boiled  for  fevcral 
hours  in  a  matrafs  with  a  long  neck.    The  mixture  being  tli^n  diluted  with  much  water 

*  <<  Colore  hast  gemma  graminco  viricli  Havo,  feu  aurantiontm,  omnibus  gemmis  imo  trydallo  montano 
mollior,  chalybe  rafiiis,  calcinata  colorum  traufparentiam  perdic,  albefcens,  pondcrc  ct  parum  diminuitur; 
ccrtis  circumftantiis  per  fc  liiiuabilis  iji  viuiim  opacum  album  -,  in  eo  etiam  a  reliquis  gemmis  diftin^»  qu6d  in 
momento  fufionis  eodem  modo  phofphorefcat  ut  ttrra  aluminaris,  vel  fpathum  gypfofum.  Cum  borace  inftar  . 
imaragdi  in  fufionibus  fe  babct,  quam  umen  gravitate  fpccificd  fuperat  in  proportione  ad  aquam  ut  j.6oo,  r^ 
S.700  :  i.ooo.     Figura  dkirar  elTc  polyij;oiia  feu  quadrangulans ;  occurrir  ctiaro  (liiciformif,  rotundata,  in 

3  H  a  was 
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4i6  Tbe  ChryfoUff  ft^iwn  U  h  fh/phdh  of  Llmt,  '  , 

was  filtered ;  and  the  folid  matter  being  eolleftcd,  wafhcd,  and  ignited  in  a  filrcr  eruciblef 
weighed  1 16  parts.  This  matter,  fubjeded  to  various  proofs,  exhibited  all  the  charaf^ers  of 
fulphate  of  lime. 

The  filtered  liquor  was  evaporated  to  drynefs  in  order  to  expel  the  fulphuric  acid.  The 
feCdue  was  duitile,  and  might  be  drawn  out  into  threads  as  long  as  it  preferved  its  heat ; 
but  it  hardened  by  cooling  like  a  kind  of  glafs  flightly  opaque  \  it  weighed  46  parts.  Thefe 
forty -fix  parts,  difiblved  in  water  and  mixed  with  carbonate  of  ammoniac,  formed  aa 
abundant  precipitate  which  became  Hill  more  abundant  by  heat.  This  precipitate  feparaC-^ 
cd  by  the'  filter,  wa(hed,  and  ignited  in  a  filver  crucible^  weighed  1 1  parts.  It  \tdA  phoC^ 
phate  of  lime  not  decompofed. 

The  fluid  thus  cleared  of  the  phofphate  of  lime  was  evaporated  to  the  confidence  of  % 
fynip.  At  the  expiration  of  feveral  days  it  afforded  ^crydals  in  the  form  of  a  four-fided 
prifm  terminating  in  quadrangular  pyramids,  whofe  fides  correfponded  with  thofe  of  tha 
prifm,  and  of  a  penetrating  urinous  tade.  Heat  decompofed  this  {ialt,  ammoniac  wai^ 
driven  oflF,  and  the  acid  remained  in  the  (late  of  a  perfectly  tranfparent  glafs.  The  gla£a^ 
mixed  with  the  powder  of  charcoal  and  drongly  heated  in  a  retort^  very  fpeedily  afibrded 
phofphorus. 

It  cannot  be  doubted,  therefore,  but  that  this  pretended  ftone  is  a  combination  of  limcr 
and  phofphoric  acid  \  a  true  native  phofphate  of  lime  in  cryikals.  Neverthelefs,  though  I 
am:<onvinced  by  experience  of  the  accuracy  of  the  refult  I  have  announced,  I  was  defiroM 
of  making  fome  other  experiments  in  order  that  there  might  not  be  the  flighteft  doubt 
upon  the  fubjed. 

Exptritnent  3.  One  hundred  parts  of  the  fame  fubfiance  in  powder  were  digefted  \vt 
muriatic  acid  diluted  with  two  or  three  parts  of  water.  The  folution  took  place  fpecdilj 
without  the  leafl  effervefcence ;  it  was  clear  and  colourlefs. 

This  folution,  evaporated  nearly  to  drynefs  in  order  to  difpel  the  excefs  of  muriatic  acld^ 
was  again  diluted  with  water,  and  mixed  with  a  folution  of  oxalic  acid,  till  the  precipitate- 
which  immediately  followed  was  no  longer  produced.  The  filtered  liquor  left  upon  the- 
paper  a  precipitate,  which  after  wafhing  and  drying  weighed  118  parts.  Thefe  118  parts  of 
precipitate,  flrongly  calcined  in  a  crucible,  aflumed  at  firft  a  black  colour  arifing  from  tho 
coal  of  the  oxalic  acid  decompofed  by  the  fire.  This  coal  being  burned  off,  there  remained* 
54,28  parts  of  a  white  pulverulent  fubftance,  which  was  acrid,  foluble  in  water>  turned 
vegetable  blue  colours  to  a  green,  and,  in  a  word,  prefented  all  the  charaflers  of  pure  lime*. 
The  fluid  from  which  the  oxalate  of  lime  had  been  feparated  was  evaporated  to  drynefs^^ 
and  aflumed  a  black  colour  on  account  of  an  excefs  of  oxalic  acid  which  the  heat  had. 
decompofed. 

When  the  whole  of  this  laft  acid  appeared  to  have  been  entirely  converted  into  carbon^ 
the  refidue  was  diflblved  in  water,  and  the  folution  filtered  in  order  to  feparate  the  carbon* 
The  fluid  part,  faturated  with  carbonate  of  ammoniac,  let  fall  a  few  light  flocks  of  phofphate 
of  lime  which  weighed  one  part.  This  fluid,  fubjefled  to  evaporation,  aflforded  a  fait 
perfedly  refembling  that  of  the  former  experiment.  It  was  decompofed  by  lime  water^. 
^  and  was  fufed  with  the  blow-pipe,  with  inflation,  and  emitted  a  fmell  of  ammoniac  and 
a  yellow  greenifh  light.     The  refidue  was  a  tranfparent  glafs. 

Since,  therefore,  this  experiment  perfe^lly  agrees  with  the  former,,  not  only  with  regard- 
to  the  nature  of  the  principles  of  the  chr  jfolitei.  but  alfo  the  proportions^  as  will  imme* 

diately 
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Singutar  J^ptanntt  of  th  Coafl  tf  fi*met  iy  'RifraSfion. 

(f!;itcly  be  fliewti  \  it  would  be  ufelcis  Co  add  to  the  number  of  experiraentS)  whicti  would 
convey  ni>  other  informaiiou  than  is  already  known  concerning  die  pliofpliate  of  lime. 

In  order  to  cftabiilh  the  proportions  of  phofphoric  acid  and  lime  in  the  chryfolitc,  it 
mud  be  recollected,  i.  that  lOO  parts  of  this  fubft.ince  affbrdi-d  iti  the  fecond  CKperiment 
Ii6  pirts  of  calcined  fulphate  of  lime,  which,  according  lo  Bergman,  contained  ^8^4. 
of  pure  lime:  3.  that  there  remained  11  parts  of  phofph.ite  of  lime  not  dccompofed, 
which  were  capable  of  forming  14,33  ^^  fulphate  of  lime,  which  added  to  the  i  ifi  give 
'3°t3jl-  Now  if  116  contain  48,84  of  lime,  it  is  evident  that  [30,33  muft  contain  53,32. 
According  to  this  experiment,  therefore,  100  parts  of  chryfolite  contain  5j,3i  of  lime  ;  and 
fubira»!!tinf;  this  from  the  100,  there  will  remain  for  the  phofphoric  acid  46,6!).  In  the 
third  eiperiment  it  is  alfo  feen,  that  100  parts  of  chryfolite,  diiTulved  in  ihe  muriatic 
acid,  afforded  by  the  oxalic  acid  1 1 8  parts  of  oxaliiic  of  lime  ;  and  that  thcfe  1 1 8  parts  left 
after  calcination  54i2D  parts  of  pure  lime,  which  fubirafled  from  100,  give  45,72  for  tlic 
phofphoric  acid. 

We  fee,  therefore,  that  the  refults  of  thefe  two  experiments  do  not  differ  fo  much  a» 
one  hundredth  part  from  each  other,  and  that  they  perfeflly  agree  with  the  component 
parts  obtained  by  IClaproih  in  his  analy lis  of  the  apatite,  from  which  he  obtained  55  parts^ 
of  lime  and  45  of  phofphoric  acid. 


Jecount  of  m  Jiitgiilar   T*iJ}.ittee  of 
Latham,  E/^.  F.R.S.iiMd  J.S. 


0^ 


Dear  Sif 


.1/  Rfraahii.     In  a   LtlUr  from    IViLLlAM 
iheRtv.H.  WaiTSlSLD,  D.D.  F.R.S.  afiH  A.S.* 

IIaI\in29,  AjJgufi  I,  ifP7> 

'  N  Wednefday  tail,  July  26,  about  fire  o'clock  in  the  afternoon,  whilH  I  was  fitting  iit 
KiY  dining-room  at  this  place,  which  is  ftluated  upon  the  parade  clofe  to  the  fea-fhore, 
nearly  fronting  the  Ibuth,  my  attention  was  excited  by  a  great  number  of  people  running- 
down  to  the  fca-fide.  Upon  enquiring  the  reafon,  I  was  informed  that  the  coaft  of  France 
was  plainly  to  be  diftingiiiflied  with  the  naked  eye.  I  immediately  went  down  to  the  fhorc,, 
and  was  furprifcd  to  find  that,  even  without  the  aflidance  of  a  telefcope,  I  could  very  plainly 
£ee  the  cliffs  on  the  oppofitccoadi  which,  at  the  neareft  part,  are  between  forty  and  fifty  mile* 
diltant,  and  are  not  to  be  difcerned,  from  that  low  (iiuation,  by  the  aid  of  the  bed  glafTes.^ 
They  appeared  to  be  only  a  few  miles  off",  and  feemed  to  extend  for  fome  leagues  along  the- 
coafl.  1  purfucd  my  w.dli  along  the  fhorc  to  the  eallward,  clofe  to  riic  water's  edge,  con- 
Terfing  with  the  failors  and  filhermen  upon  the  fubjefl.  They,  at  firfl,  could  not  be  pcr- 
fuadcd  of  the  reality  of  the  appearance  ;  but  they  foon  became  fo  thoroughly  convinced,  by 
the  cliS  gradually  appearing  more  elevated,  and  approaching  nearer,  as  it  were,  that  they, 
pointed  out,  and  named  to  me,  the  different  places  tliey  had  been  accuHomed  to  vifit^  fuch> 
as,  theljay,  thcOldHead  or  Man,the  Windmill,  Etc.  at  Boulogne;  St.  Vallcry,  and  other 
places  on  the  coaft  of  Picardy  ;  which  they  afterwards  confirmed,  when  they  viewed  them 
through  their  tclefcopes.  Their  obfcrvations  were,  that  the  places  appeared  as  near  as  if 
lliey  were  failing,  at  a  fmall  diflance,  into  ihe  harbours. 

•  Philof.  TiiBr.  i7sl,  pjgc  )S7. 

Having 


^  1 S  Singular  htfianH  of  Urriftrial  Refraiiion: 

Having  indulged  my  curioCty  upon  the  fhore  for  near  an  hour^  during  which  the  cliflfi 
appeared  to  be  at  fome  times  more  bright  and'  near^  at  others  more  faint  and  at  a  greater 
>diilance^  but  never  out  of  fight,  I  went  upon  the  eaftern  cliflF  or  hill,  which  is  of  a  TCiy 
conCdcrable  height,  when  a  mod  beautiful  fcene  prefented  itfelf  to  my  view ;  for  I  could 
,at  once  fee  Dcngenefs,  Dover  cliffs,  and  the  French  coaft,  all  along  from  Calais,  Bou- 
logne, &c.  to  St.  Vallery;  and,  as  fome  of  the  fifhermcn  affirmed,  as  far  to  the  weftward 
even  as  Dieppe.  By  the  telefcope,  the  French  fi{hing*boats  were  plainly  to  be  fcen  at  anchor; 
and  the  different  colours  of  the  land  upon  the  heights,  together  with  the  buildings,  were 
perfe£lly  difcernible.  This  curious  phenomenon  continued  in  the  higheft  fplendour  till 
pail  eight  o'clock  (although  a  black  cloud  totally  obfcured  the  face  of  the  fun  for  fome 
time),  when  it  gradually  vanifhcd. 

Now,  Sir,  as  I  was  affured,  from  every  enquiry  I  could  poilibly  make^  that  fo  remarkable 
an  indance  of  atmofpherical  refra£lion  had  never  been  witneffed  by  the  oldeft  inhabitant 
of  Haftings,  nor  by  any  of  the  numerous  vifitors  (it  happening  to  be  the  day  of  the  great 
annual  fair,  called  Rock  fair,  which  always  attra<Sts  multitudes  from  the  neighbouring  placea}9 
I  thought  an  account  of  it,  however  trifling,  would  be  gratifying  to  you. 

I  (hould  obfervc,  the  day  was  extremely  hot,  as  you  will  perceive  by  the  fubjoined  rough 
journal  of  a  fmall  thermometer,  which  was  kept  in  the  dining-room  above  mentioned.  I  had 
no  barometer  with  me,  but  fuppofe  the  mercury  mud  have  been  high,  as  that  and  the  three 
preceding  days  were  remarkably  fine  and  clear.  To  the  bed  of  my  recolleftion,  it  was  high 
water  at  Haftings  about  two  o'clock  P.M.  Not  a  breath  of  wind  was  ftirring  the  whole 
of  the  day}  but  the  fmall  pennons  at  the  maft -heads  of  the  fifhing-boats  in  the  harbour 
were,  in  the  morning,  at  all  points  of  the  compafs* 

I  am,  &c. 

WILLIAM  LATHAM. 

P.  S.  I  forgot  to  mention,  that  I  was  a  few  days  afterwards  at  Winchelfea,  and  at  fe- 
deral places  along  the  coaft  ;  where  I  was  informed  the  above  phenomenon  had  been  equally 
vifible.  I  (houl4  alfo  have  obferved,  that  when  1  was  upon  the  eaftern  hill,  the  cape  of 
land  called  Dengenefs,  which  extends  nearly  two  miles  into  the  fea»  and  is  about  fixteen 
miles  diftant  from  Haftings,  in  a  right  line,  appeared  as  if  quite  clofe  to  it  \  as  did  the  fijh* 
ing-boats,  and  other  veffels,  which  were  failing  between  the  two  places :  they  were  like- 
wife  magnified  to  a  great  degree*. 

*  On  this  intercfling  fubjc6t  fee  Mr.  Huddart's  Obfcn'ations  on  Horizontal  Refractions,  Philof.  Jouroal,  I. 
.145.  Ellicot,  on  the  Phenomenon  of  Looming,  I.  152.  The  Fata  Mar^anM,  or  Appearance  of  Figures  in 
the  Sea  and  Air,  before  Reggio,  defcribcd,  I.  225.  Mudgc,  in  the  Philof.  Tranf.  1795,  P*  5^^>  5^7* 
Smeaton*s  Account  of  Eddyftonc  Light-Houfe,  p.  191.  Hutton's  Di6lionar)%  II.  352.  Thefe  appearances 
are  much  more  frequent  and  general  than  has  ufualiy  been  fuppofcd.  I  liavc  been  credibly  informed,  that 
the  Fata  Morgana  has  been  feen  from  Broad  Stairs,  in  Kent ;  and  that  the  elevation  and  inverfion  of  tcr- 
reftrial  obie£ts  is  commonly  or  frequently  obfervablc  (in  fummcr,  I  fuppofe),  through  a  telefcope,  orer  level 
ground,  if  the  eye  of  the  obfcrver  be  not  much  elevated.  In  the  curious  inftance  related  above  by  Mr.  JLa* 
cham,  it  dees  not  feem  probable  that  the  French  coaft  was  enlarged,  but  that  it  was  only  elevated  by  the  re- 
fraction. At  all  events,  the  objedls  could  fcarccly  have  fufiercd  any  alteration  of  the  horizontal  angles  or 
iKarings.     N. 

STATJ 
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STATE  of  tht  THERMOMETER  at  HASTINGSy  durhg  the  Month  of  JULY  1797. 


1797. 

Therm. 

Time. 

Wind. 

Weather. 

July  I. 

64 

10  A.M. 

SW 

Windy.  Fair. 

2. 

64 

10 

SW 

Windy.  Fair. 

3- 

62 

10 

SW 

Rain.  Windy. 

4- 

62 

10 

SW 

Fair.  Windy. 

S- 

<ji 

lO 

SW 

Rain.  Windy. 

6. 

60 

10 

SW 

Rain.  Windy. 

7- 

61 

10 

W 

Rain.  Windy, 

8. 

62 

10 

NW 

Fine. 

66 

S  P.M. 

NW 

Fine. 

9- 

66 

10  A.  M. 

SW 

Fine. 

10. 

67 

10 

N  afterw.  SW 

Fine. 

II. 

65 

10 

SW 

Foggy  all  day. 

12. 

63 

10 

SW 

Fine. 

'3- 

72 

10 

SW 

Fine. 

14. 

76 

10 

w  , 

Fine. 

68 

12 

w 

* 

Fine. 

IS- 

72 

10 

w 

Fine. 

16. 

72 

10 

N 

Fine. 

78 

7  P.M. 

E 

Storm  of  Wind.  Lightning. 

^7- 

73 

10  A.M. 

W 

Fine. 

18. 

70 

10 

w 

Fine.  Showers  in  the  Night. 

19. 

67 

10 

wsw 

Fine.  Windy. 

20. 

67 

10 

SW 

Rain.  Windy. 

21. 

65 

10 

SW 

Fine.   Windy. 

22. 

61 

10 

s 

Rain. 

23. 

65 

10 

s 

Fine. 

24. 

66 

10 

s 

Fme. 

25- 

66 

10 

SW 

Fine. 

26. 

68 

10 

SW 

Fine.  Dead  calm  all  day. 

• 

76 

5  P.  M. 

SW 

Fine. 

27. 

72 

10  A.M. 

SW 

Fine. 

28. 

70 

10     ' 

s 

Fine. 

29. 

72 

10 

£ 

Fine, 

30- 

70 

10 

SW 

Rain; 

3'- 

69 

10 

s 

Fine.  Windf. 

^15  Excitaiton  of  ElecirUitj  ij  various  K^n^conducisn* 

XI. 

jin  Account  of  Eh  elf  teal  Machines  of  cofifideraUe  Power ^  in  which  Silk  is  ufei  ififlead  §/ 

Glafs.     W.   N. 

JLLd LECTRICITY  has  been,  in  moft  praftical  cafes,  excited  or  coIleAed  by  the 
fri£lion  of  various  fubdanccs  againil  each  other.  In  this  procefs,  which  has  not  yet  been 
CxpUined  by  reference  to  fimpler  phenomena,  it  is  a  known  condition,  that  one  at  lead  of 
the  fubflances  rubbed  mud  be  a  i¥)n-condu£tor.  Refin,  lack,  filk,  baked  wood,  and 
above  all  glafs,  are  the  bodies  which  have  hitherto  been  ufed.  The  durability  and 
unchangeable  nature  of  glafs  ^,  and  ics  being  very  little  if  at  all  affe£led  by  Ae  atmofpherical 
variations,  arc  undoubtedly  the  caufes  why  it  has  obtained  the  preference;  Its  brittlenefs^ 
and  the  great  espencc  of  large  plates  or  cylinders,  are  certainly  among  thofe  reafons  whj 
philofophical  operators  (liould  be  defirous  of  a  fubRitute  of  lefs  coil  and  danger. 

Dr.  Ingenhoufz,  the  inventor  of  the  plate  machine,  made  a  variety  of  experiments  for 
this  purpofe.  Pafteboard  thoroughly  dried  and  heated,  and  then  foaked  and  vamilhed 
tvitli  a  folution  of  amber  in  linfeed  oil,  formed  plates  which  were  ftrongly  eledhified 
when  rubbed  with  a  cat's  (kin  or  hare's  (kin.  He  tried  baked  wood  boiled  in  linfeed  oil^ 
but  with  lefs  fuccefs.  A  cylinder  of  ilrong  (Uk  velvet,  formed  by  ftretching  that  fubftance 
upon  two  circular  wooden  difks,  was  found  to  afibrd  confiderable  ele^rical  force  .when 
caufed  to  revolve  againft  a  cuOiion  covered  with  hare's  flcinf  •  And  laftly,  the  fame 
philofcpher  contrived  a  portable  apparatus  for  charging  a  jar  by  means  of  a  vamiflied  filk 
ribband,  expofed  to  the  fri£lion  of  a  rubber  attached  to  the  external  coating,  while  the 
oppofite  eledricity  of  the  (ilk  wasi  taken  off  by  a  i^etallic  part  communicating  with  the 
infide^. 

It  was  at  the  beginning  of  1784  that  M*  Walckiers  de  St.  Amand  undertook  to 
confirufl  a  machine,  in  which  a  piece  of  filk  was  made  to  revolve  inceflsmtly,  and  pafo 
between  two  pair  of  rubbers.  He  made  one  of  fmall  dimenfions,  and  afterwards  a  larger 
in  which  the  filk  was  twenty- five  feet  in  length,  and  five  feet  broad.  In  the  following 
year  a  machine  of  the  fame  kind  was  conftruded  by  M.  Rouland,  profeflbr  and  ledurer 
in  natural  philofophy  in  the  univerfity  of  Paris  $.  As  no  accounts  of  either  of  thcfe  have 
been  publiihed  in  this  country!),  and  the  advantages  and  eflefls  defcribed  by  the  aathors 

appear 

•  Mr,  C.  Cuypers  of  Delft  affirms  tbat  glafs  becomes  Inrdcr,  tnd  filter  for   tleftrical  purpofcf,  by  Ions 
ci[pofure  to  the  \v<.rnj  air  of  a  ro<»m  j   and  Mr.  Birch,   of  Eflfcx-ftrect,  in  a  very  cxtenfivc  cleftrical  mfttce 
found  that  giafi  cyli.nlcri  h/c  their  power  by  long  ufc,  fo  as  to  becotne  of  no  value  j  but  he  afcribet  this  cii^nv** 
to  the  ufcof  the  aurunn  mulivum  on  the  cufhion. 
'  f  Bakerian  Le<!lure,  Phil.  Tfinf.  1779. 

X  Kouvellet  Experienced,  &c.  fur  la  Phyfiquc,  par  J.  Fngcnhoufz,  F.R.S.  &c.     Paris,  178$. 

^  Dcfcriprion  dc^  M  tchine>  eltiflriques  a  taflctis,  par  M-  Rouland,  &:c.  Amftcrdara  and  Paris  1785,  oAavo. 
3S  P3£"»  ^^"^  ^"^^  plate,  of  which  PI.  XVlIl.  ik  a  copy.  — The  Report  of  the  Pariilan  Acadeiryon  the  Machine 
of  M.  Walckiers,  dated  25th  March  1784,  was  fcparatcly  printed  in  a9P'igcs  o6\avo,  with  a  coloured  plate* 
The  Report  is  copied  in  M.  Rt»uland'$  pamphlet. 

II  Some  time  after  the  conf^ru^tion  of  thcfc   machines.  Mr.  Edward  Nairnc,  of  Cornhill,  whofe  rtlrarches- 
iti  thiB  and  other  prai^ic  il  dcpaitmcnts  of  fci'-nce  arc  wtll  known,  received  an  order  to  conftru6l  one  of  the  fame 
fcrm,  but  found  it  iinpolhblcby  any  adjuftment  to  prtCcnf  die  filk  from  running  totally  to  one  or  th^  other  end 
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latter  in  ihis  pUcc. 

A,  B,  PI.  XVilL  is  a  wooilcn  tabic  fuur  fi:et  and  a  half  long,  two  feet  nine  inches  wide. 
Hid  fomewbac  moie  than  on  iiub  and  a  half  tliiclf :  its  feet  are  i8  inclicg  long.  Upon 
this  table  arc  faftciicd  by  ilrong  wooden  fcrews,  a  I- e  d,  two  crofs  pieces,  each  nioe 
inches  broad,  wliich  carry  the  uprights  C,  D,  £,  F,  which  latl  are  27  inches  in  height. 
At  about  two-thirds  or  naorc  of  the  height  of  tlicfe  uprights,  there  Ae  cut  notches  of  an 
inch  fquatc  each,  in  wluch  the  ascs  of  the  two  cyitndeis  G  and  H  turn  freely.  Tfaefe 
axei  are  parallel  to  the  table  and  to  each  ether,  and  arc  kept  in  their  place  by  clamps  of 
wood  fcrewed  over  tliem.  The  cylinders  C  and  H  are  formed  of  light  \vood  glued 
together,  and  covered  at  the  ends  by  a  circular  piece,  whofe  rounded  edges  arife  half  an 
inch  above  the  fnrfacc  of  the  cylinders  thcmfclvcs.  Thcit  diameicr  is  eight  inches  j  the 
axes  are  of  box  wood,  and  arc  Icfs  than  an  Inch  in  diameter,  having  a  Oiouldcr  which 
prevents  the  ends  of  the  cylinders  from  touching  the  uprights  when  turned  round  ;  and 
iaftly,  the  cylinders  are  covered  with  fctge. 

The  handle  is  copper,  its  radius  being  fu  inclies  long. 

K,  L,  is  a  piece  of  tnffety  covered  wiili  oily  and  relinons  matter,  of  the  fame  kind  as  Is 
ufad  in  France  in  the  conflruflion  of  atr-balloons,  which,  M.  Rouland  fays,  renders  the 
(ilk  very  cle£lrical :  the  breadth  of  the  Tdk  is  neatly  one  inch  lefs  than  the  length  of  the 
cylinders,  and  it  is  wrapped  round  them  witli  its  ends  fewed  together, 

The  whole  breadth  of  the  filk  is  taken  hold  of  or  pinched  between  two  flattened  tin  tubes 
oppoGtc  each  other  at  M,  and  two  of  the  f»me  kind  at  N  :  thefc  are  tlic  rubl»ers,  and  may 
be  made  to  prefs  againft  each  otlicr,  more  or  lefs  ftrongly,  by  means  of  fcrews.  They  arc 
retained  by  ftrings  of  filk  fallencd  to  tlic  four  uprights  of  the  machine,  w  v  arc  two  brafs 
chains  hooked  upon  the  rubbers,  and  communicating  with  the  earth;  op  and  q  r  Are  four 
pieces  of  taffety,  prepared  in  the  fame  manner  as  the  principal  piece,  fewed  in  the  direction 
of  their  length  10  the  rubbers,  and  fallencd  to  each  other  by  their  correfponding  corner* 
by  means  of  threads  of  lilk.    The  metallic  lubes  or  rubbers  are  covered  with  cat's  flcin. 

S  reprefenis  the  condudor.  It  is  a  cylinder  of  brafs  three  inches  in  diameter,  36 
inches  in  length,  including  the  balls  at  the  end,  whofe  diameters  arc  four  Inched ;  one  of 
thefe  bails  has  a  ring,  t,  above  it,  which  fcrves  to  form  a  communication  between  the 
condu^orS  and  any  other  conduAor. 

The  upper  and  lower  parts  of  this  cylindrical  prime  condu:Slor  are  armed  with  two 
plates  of  brafs  y  y,  ivliofc  length  is  etjual  and  correfpordent  to  :hc  breadth  of  the  taffety, 
which  is  26  inches,  and  1 3I  inches  or  1 1  feet  long :  the  edges  of  the  plates  are  about  half 
an  inch  diflant  torn  the  filk,  and  fcrre  inftcad  of  the  meialfic  points  that  were  ufcd  by 
M.  Walckicr*,  but  rcjefted  by  M.  RouUnd,  bccaufc  they  were  apt  to  ttick  into  the 
GJk  and  damage  ic. 


of  tilt  tyliniler*,  Tlic  invcnwri  have  givtn  no  lflftru*»Q»  tof.bvijte  tliii  AtfcCl.  I  have  no  doubt  butibw 
thfyai*d«  their  roll«fignnluallyUrs^ftia  the  middlt.  I  luvc  fctn  »  mithinti.irfaiaiuji  ivouUtuj.  iiivco(td 
and  made  by  Mr.  Rehc,  of  Shoe-lant,  in  whirh  ihii  dflfituliy  *as  rcmovcil  in  lumc  Icidimi  rollcri.  If  uat-iag 
iliem  in  the  fsnn  of  mo  very  acoxt  fniflumi  of  tones,  joined  at  the  midJlc  !>>  th«  UrgK  Ijafr.— Sic  Plii!. 
Jnumit,  1.  ij. 
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The  condu£lor  S  is  fuTpcnded  by  filk  fttmga,  faftencd  to  the  uprights  of  the  maclime  hj 
the  hooks  and  rings  i  i :  its  £tuation  is  pamllet  to  the  cylinders  G,  H,  and  cquidiflant  from 
each.  The  a£lion  of  this  machine  is  as  follows :  The  cylinder  H  is  moved  rapidly  oil  iia 
axis  by  means  of  the  handle,  and  the  cylinder  G  moves  of  courfc  in  the  fame  direflion  on 
the  two  extremities  of  its  axis,  provided  the  laflciy  K,  L,  be  properly  llrctched.  This  ten- 
don is  cafiiy  obtained  ;  becaufc  ihc  crofs  pieces  to  which  the  uprights  C,  D,  and  E,  F,  are 
fixed,  may  be  moved  nearer  or  further  from  each  other,  ar.d  fallened  by  means  of  the 
fcrews  a  b  and  e  d,  n-hich  p;irs  through  holes  cut  tn  the  direction  of  the  table. 

The  rotation  of  the  cylinders  neccflarily  producing  a  ctrcuiation  of  the  taffcty,  it  muft 
eonfequciuly  be  rubbeJ  in  its  paflagc  between  the  tin  lubes  covered  with  cat's  (kin  at  M 
and  N  ;  and  by  this  friftion  it  obtains  what  is  called  the  negative  cle£triciiy,  which  is  com* 
jnunicated  from  both  parts  of  the  Glk  to  the  common  conductor  S.  Biit  it  may  be  made  to 
eleflrify  pofitively,  by  removing  ilie  rubbers  to  the  middle  of  the  filW,  fo  that  the  prime 
conduflor  may  communicate  with  ihem  :  or,  it"  the  two  cufliions  be  removed  to  half  the 
diflance  between  the  revolving  cylinders  and  the  prime  conduilor,  pofitive  and  ocgatiTC 
cledlricity  may  be  had  at  the  fame  time,  the  rubbers  being  in  a  negative  ftate,  and  the 
prime  condudor  in  a  pofitive  ftate. 

The  advantages  of  a  machine  of  this  conftruftion  beyond  thofe  of  glafs  arc  IHled  by  the 
inventor  to  be,  i.  It  is  not  brittle  in  any  part.  2.  Its  excitation  is  more  fteady,  becaufe  i> 
requires  no  amalgam       3.  Its  dimenfions  have  no  limit. 

The  power  of  excitation  in  this  way  appears  CO  have  been  very  confidcrable.  The  fa^ts 
are  not  related  with  fo  much  detail  as  could  be  wilhed  in  the  Report  of  the  Academy  ;  but 
it  appears  that  the  negative  fparks  from  the  conduftor  of  Walckiers,  which  was  hve  feet 
long,  were  from  15  to  17  inches  in  length,  very  loud  and  dcnfc,  and  very  painful  to  the 
hand ;  that  pointed  bodies  emitted  very  fenfible  fparks  to  the  condu£tor ;  and  that  a  batter<f 
of  5ofquarefeet  was  charged  by  30  turns  of  the  machine,  which  gives  19  feet  of  filk  rub- 
bed to  charge  one  foot  of  glafs  *.  In  another  inilance,  however,  it  is  faid,  that  a  fquare 
foot  was  charged  by  one  turn  of  the  machine,  vhich  anfwered  (0311^  fquaie  feet  of  lilk. 
It  is  not  faid  whether  the  labour  of  turning  was  confiderable  or  not. 

M.  Rouland  made  feveral  trials  to  fubltitute  plain  filk  intlead  of  that  which  was  vaiw. 
niOied  ;  and  he  alfo  tried  woollens  and  mixed  cloth  containing  goal's  hair;  but  none  o£ 
thefe  anfwered  to  his  fatisfadlion. 
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XII. 
Expgrimtntal  Refearcbes  caficfrriing  the  Prinriplt  nf  the  lateral  Communlcaikn  of  Motion  in  FluUby 
opplUd  to  the  ExplanntUn  of  various  Hydraulic  Phenomena.     By  CHizen  J.  B,  Fenturj^. 
Pfo/effor  of  Experimental  Philofiphy  at  Midtna,  Member  of  the  Italian  Societyt  of  tht  InJ^ 
tute  6f  Boltigna.,  the  Agrarian  Society  of  Turin,  Etfc. 

(Coniinucd  from  page  176,  vol.  ii.) 

TPrepefition  VI. 
HE  expcncc  of  fluid  is  lefs  through  cylindrical  tubes  than  through  conical  tabes,, 
which  diverge  from  the  commencement  of  the  contrafled  TCin,  and  have  the  fame  external 
diameter. 

•StcPhilof-Journ.  I.  87. 


On  thf  laUrat  Commuhlcathn  g/Matwi  in  Flutdt. 
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The  general' theory  is  ihe  fame  for  borh  thcfc  forms  of  tubes;  but  the  lofs  of  living 
force  is  greater  in  the  cylinder,  and  ihe  cfiV£t  of  the  communication  of  motion  in  thcfc 
tubes  cannot  approach  its  maximum  as  in  the  cone.  Let  the  tube  A  C  N  M,  fig.  5,  PI.  VIII. 
of  the  prefent  volume,  have  the  form  of  the  contraiTled  vein  in  A  C  F  D  ;  the  cylindrical 
part  G I  N  M  h;is  its  diameter  M  N,  greater  than  D  F.  By  the  reafoning  made  ufc  of  in 
llie  preceding  propofuion,  it  is  proved,  that  the  lateral  communication  of  motion  tends  to 
produce  a  vacuum  in  the  folid  zone  R  O  Y  S  X  QJI'  Z.  If  the  communication  of  motion 
in  this  tube  were  completely  made,  it  would  follow,  that  the  preflurJ  of  the  atmofphcre 
would  increafc  the  velocity  of  the  contrafted  vein  in  the  ratio  of  D  F'  to  M  N". 

But  the  form  itfclf  of  the  cylindrical  pipe  always  deftroys  a  notalile  part  of  the  cffefl : 
for  the  fluid  Blamcnta  A  D,  in  turning  through  the  curve  D  R,  proceed  bridtly  to  ftrikc 
the  fides  of  the  tube  G  M  at  R,  where  they  lofe  part  of  tlielr  motion.  In  the  fpace  D  G  R 
eddies,  or  circular  whirls,  are  produced,  as  in  a  bafon  which  receives  water  by  a  channel. 
Thcfc  eddies  are,  to  a  certain  extent,  a,failure  of  the  effect,  and  retard  the  efflux  of  the 
flream.  A  much  lefs  increafe  of  the  expenditure  takes  place  in  the  cylindrical  tube  than 
would  aafwcr  to  the  ratio  of  D  F'  to  M  N'. 

Exptrimrnt  XVIII. — A  notion  may  be  formed  of  thefc  internal  ftiocks  and  eddies  in  the 
cylindric  tube,  and  their  effefls  on  the  efflux  of  the  fluid,  if  attention  be  paid  to  the  fol- 
lowing tabic  of  the  expenditure  through  the  different  additional  tubes  in  the  horizontal 
poEtion.  All  thcfe  tubes  have  the  diameter  of  their  two  extremities  =  18  lines ;  ihcy  were 
all  provided  with  tlic  conical  tube  of  the  form  of  the  contraifled  vein  at  their  inner  exiro- 
mity,  excepting  that  of  6g.  6.  The  charge  was  always  32.5  inches  abore  the  centre  of 
the  orifice. 

Tabic  ojtht  Tima  employed  in  tH/charging  Feur  Cuhk  Feet  tf  Water  through  the  different 
Adjutages, 
Through  the  orifice  in  a  thin  plate,  -  -  -        41". 

Through  the  fimple  tube  of  fig.  6.  - 

Through  the  tube  of  the  form  of  fig.  5. 
After  having  amended  (adouci)  the  conical  divergent  part,  D  F  i  G, 

of  the  fame  tube,  -  ,  - 

Through  the  tube  fig.  g.  - 

Through  the  conical  tube  of  the  form  fig.  lo. 
Through  the  tube  fig.  5.  the  portion  G  I  N  M  being  33.5  lines 
in  diameter,  and  84  in  length,  the  reft  as  before. 
It  may  perhaps  be  demanded,  whether,  in  the  iniernal  part  of  the  fimple  cylindric  tube 
K  L  V  of  fig.  6.  there  be  the  fame  augmentation  of  velocity,  and  the  fame  contraction  of 
the  ftream,  as  in  the  compound  lube  of  fig.  5,  ?     By  reafoning  according  to  the  principles 
we  have  cftablifhed,  I  think,  i.  That  in  the  fcdion  KL  of  fig.  (J.  there  Is  the  fame  increafc 
of  velocity  as  we  have  feen  (Prop.  11, )  take  place  in  the  fciSion  A  C  of  fig.  5.    The  direc- 
tion of  the  Uuid  particles  which  pafs  through  thcfc  two  feflions  mul^  be  tlic  fame  in  both 
cafes,  becaufe  this  direflion  can  depend  only  on  the  impulfc  received  within  the  rcfervoir, 
which  is  the  fame  in  both.    J.  In  fig.  6.  the  fluid  particles,  after  having  paOcd  tlironghthc 
iie£tionKL,  begin  immediately  to  experience  the  eSe£t  of  the  lateral  communication  of 
motion.     They  mult  therefore  deviate  laterally  through  the  curveL-ta,  before  they  ar- 
312  •  rivt 
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tWc  at  (he  place  of  contr:if\ioti  ^Iiich  they  dfTumc  at  D  F,  fig.  5.  and  which  they  likewfl 
afiiime  when  the  orifice  is  made  in  a  thin  pLitc.  If  we  tmsyitw  a  tube  of  ginfs  y  K,  one- 
cxtremity  of  which  is  applied  *t  K.  fig.  6.  anil  the  other  cxirfimiiy  open  in  the  tDteriov 
part  of  the  refervoir,  it  will  be  feen  that  the  prciTure  of  the  atmofphere,  which  is  exerted; 
upon  the  coloured  fluid  T,  muft  Ukcwifc  ad  on  the  furface  of  ilic  refervoir,  ami  join  the 
prtlRire  of  :he  fluid  in  the  rclcrvoir  to  prcfs  the  w Her  into  the  tube  yK,  a«  it  preAcs  the 
coloured  liquor  into  T  S.  The  picfTutc  of. the  3tmof)>here  muft,  in  the  fame  manner*, 
augment  ihc  imputfe  of  all  the  llutd  pjirticlei  which  arrive  at  KL,  and  cotifequently  muft 
increafe  the  expenditure. 

Since  the  checks  and  eddies  in  an  additional  cytindric  tube  muft  always  dcftroy  a  part 
of  the  active  force  of  the  fluid,  it  follows,  that  the  fluid  cDtumii  Iltuiiig  out  of  the  tube 
can  never  accjuire  tlie  whole  velocity  which  is  due  to  the  aSoal  charge,  and  is  obferved 
nearly  entire  in  the  orifices  through  a  thin  pUte ;  and  the  diminution  of  »clocity  eorrefpoads 
with  the  increafe  of  the  time  beyond  tliat  indicated  by  the  theory,  as  may  be  feen  in  the 
followiug 

Erptr'mtnt  XIX.  The  orifice  P  fig.  i .  being  made  through  a  thin  plate,  and  the  vertioil' 
bffight  PM,  being  54  niches,  rlie  dlft^nce  M  N  of  the  jet  was  81,5  inchca.  Raving 
■p{;licd  to  the  fame  orifice  the  cylindrical  lube  of  fig,  5,  and  the  perpendicular  P  M  beir^ 
Ici  fall  from  the  external  orifice  of  the  tube,  tlje  tUflaiicc  M  N  was  found  to  be  69  inchet^ 
According  to  the  iKcory,  the  expenditure  of  four  enbicilfcct  through  this  tube  ought  to  have 
taken  place  in  26'',24,  but  it  really  employed  31 ".  And  the  proportions  31"  :  2&''',24^ 
81,$  :  61)  nearly. 

The  fame  obfcrvation  may  be  made  on  an  experiment  of  Michelottl  (torn.  ii.  pages  ax- 
and23J.  ?  M  being  19,33  ^'^'^^  ^"*^  the  water  iduing  through  an  orifice  in  a  thin  plate  MN" 
was  23,2  feet;  it  was  no  more  than  20  when  an  additional  cylindric  tube  was  appUed 
which  had  not  even  the  proper  length. 

It  is  evident,  that  the  theory  of  die  lateral  communication  of  motion  mufl  likcwife  apply- 
in  the  fame  manner  to  dcfccnding  and  afccnding  tubes,  whenever  their  form  admits  of  this- 
lateral  communication.  In  dcfcending  lubes,  we  muft  add  the  incrcafe  of  expenditure 
occafioncd  by  this  caufe  to  that  which  is  produced  by  the  acceleration  of  gravity,  aud- 
vhich  we  have  eftimatcd  in  Propofition  IV.  In  afcending  tubes,  gravity  adls  in  a  contrary 
dire^ion,  and  confequently  its  effcfl  muft  be  deducted  from  that  of  the  lateral  conimu* 
nication.  Experiment  VII.  relates  to  afcending  tubes.  The  following  relate  to  other. 
pofiiions. 

E^ptrimiTti  XX.  The  tube  ABFEof  fig.  11,  Experiment  XV.  was  applied  in  the  place 
of  the  tube  B  C  QO,  in  fig.  7.  The  height  of  the  water  in  the"  refervoir  above  the 
lower  extremityof  thetube  was4r,j  inches.      The  four  cubical  feet  of  water  were  emitted, 


I  apphcd  the  fame  conical  tube  A  BFE,  fig.  tl,  to  the  orifice  R,  fig.  8,  to  foem  an; 
afcending  jet  a  little  inclined  fr»jm  the  perpendicular.  The  height  of -the  water  of  lhc« 
fervoir  above  the  upper  extremity  of  the  tube  was  23  inches.  The  expenditure  of  fotti 
cubical  feet  was  made  in  30'. 

The  time  of  the  expenditure  in  Experiment  XV.  was  25*.     And  hy  comparing  U  wiriij 


the  prcfent,  we  find  nearly  '^41,5  ; 

30" 


32,5  ■■ 


;  24". 


And  V23  :  ^^32,5  =  n^  t 
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Xxptriment  XXI.  The  orifice  R,  fig-  8,  was  circular,  aiid  4,5  lines  in  diameletj  the 
charge  wai3i,7  inches,  and  tltc  jet  declined  a  little  from  the  perpendicular.  The  orifice 
being  through  u  thin  plaic,  aCTorded  a  cubical  foot  of  water  in  161 ".  With  an  udditional 
cylindrical  tube  of  the  tune  diameter,  and  ten  lines  in  lengthy  the  cubical  foot  of  water 
was  emitted  in  121". 

Under  a  charge  of  56  inches,  the  lame  orifice  afibrded,  through  the  vertical  jet,  a  cu- 
bical foot  in  123"  through  the  thin  plate,  and  in  91'  with  the  fame  additional  tube. 

Thcfe  two  rcfults  being  combined,  give  fot  the  expenditure  of  vcrKc;tl  jets  a  mean  ratio, 
between  the  thin  phtc  and  the  cyllttdrical  adjutage,  of  loo  to  134,  which  is  alfo  the  ratio 
between  the  horizontal  jets. 

Hxptriment  XXII.  i  applied  the  glafs  tube  Q_R  T,  fig.  6,  to  the  point  S  Eg.  5.  of  the 
compound  tube  A  C  M  N,  the  ditlancc  B  S  being  24  lines.  In  this  fituation  the  fluid  T  \io- 
longer  rifes  in  the  tube.  This  proves  that  the  lateral  tranllatiun  of  the  fluid  in  the  cylin- 
drical tube  ia  made  very  near  the  place  where  tlic  vein  Is  contrailed,  and  that  confequent- 
ly  D  R  muft  brilkly  arikc  the  fide  G  M. 

By  this  experiment  we  fee  that  the  diftance  BR  to  which  the  oblique  filaments  ftrike 
the  fides  of  the  tube,  docs  not  amount  to  24  lines.  Suppofing  D  O  =  20  lines,  ihc  time 
which  the  particle  D  employs  to  pafs  through  the  fpace  D  O  in  my  experiments  is  lefa  ihati 
o",oi.  Let  us  decompofe  the  curve-lined  motion  DR  according  to  the  lines  DO,  OR. 
Let  us  fuppofe  the  acceleration  through'O  R  to  be  uniform,  and  it  will  be  found  that  this 
acceleration  is  at  leaft  five  times  as  great  as  that  of  heavy  bodies.  If  the  lateral  force  through 
O  R  were  (itrp)y  the  mutual  attraflion  of  the  paTtii;!es  of  the  water,  this  3ttra£lion  in  the 
particle  D  muH  not  only  overcome  the  inertia  of  the  particle  itfcif,  but  likewife  that  of  the 
Other  particles  nearer  the  axis,  which  follow  D  rn  its  deviation  through  D  R,  and  imprefs 
upon  them  a  much  greater  fum  of  acceleration  than  that  of  gravity.  Now  the  force  of 
aitraflion  of  otic  particle  of  water  is  not  greater  than  the  natural  gravity  of  a  thread  of  wa- 
ter of  the  length  of  one  line  at  mod.  The  lateral  communication  of  motion,  which  is  the 
caufc  of  the  acceleration  through  OR,  is  therefore  much  greater  than  could  have  been- 
produced  by  the  mutual  nttri£tion  of  the  particles  of  water. 

Propufitian  VII.  By  means  of  proper  adjutages  applied  to  a  given  cylindric  tube,  it  is 
pofliblc  to  increafe  the  expenditure  of  water  through  that  tube  in  the  proportion  of  24  to- 
10,  the  charge  or  height  of  the  refervoir. remaining  the  fame. 

I  fhall  here  give  an  account  of  the  different  precautions  neccflary  to  be  taken  when  tlie 
expenditure  of  water  through  a  cylindrical  cube  of  a  given  length  is  required  to  be  the 
grcateft  poflible. 

I.  The  inner  extremity  of  the  tube  AT)(fig,i3.)mu[l  befitted  at  A  B  with  a  conical  piece 
of  the  formof  the  contraflcd  vein*;  this  increafes  the  expenditure  as  12,1  to  10.  Every 
other  form  w^ll  afford  Icfs.  If  the  diameter  at  A  be  too  great,  the  contraflion  will  be' 
made  beyond  B,  and  the  fei^ion  of  the  vein  will  be  fmaller  than  the  fedlon  of  ihc  lube. 

a.  At  the  other  extremity  of  the  pipe  B  C  apply  a  truncated  conical  tube  C  D,  of  which 
let  the  len^itobc  nearly  nine  limes  the  diameter  C,  and  its  external  diameter  D  muft  ba 
I,S  C.  This  additional  piece  will  increafe  the  expenditure  as  24  to  I2,t.  {Expcrimciiu 
XVI.}  By  this  means  the  quantity  of  water  «lll  be  increafed  by  the  two  adjutages  ABC  D, 
in  the  projiortiou  of  24  to  10, 


•  Botlui,  An. 
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WaltT  Plptti  Ve.^AaeuKt  of  Beth. 


At  Rome,  ihe  inhabitants  pnrchafc  the  right  of  conveying  water  from  the  puhlic  rercr- 
Voirs  into  their  houfcs.  Tlic  law  prohibits  them  from  malting  the  pipe  of  conveyance  largrt 
than  die  aperture  granted  them  at  the  tcfcrvoir,  as  far  as  the  diftancc  of  fifty  feet  '.  ITic 
legislature  was  therefore  aware,  that  sn  ailttition;)!  pipe  of  greater  diameter  than  t^e  orifice 
would  intrcafe  the  eipeniliture;  but  it  was  not  perceived  that  the  law  might  be  equaltjr 
evaded  by  applying  the  conical  frullum  C  D  beyond  the  fifty  feet.  From  this  fccond  rule 
we  learn,  tliat  it  is  not  projicr  to  make  the  flues  of  chimneys  too  large  in  the  apartments; 
hut  that  it  will  be  fuBicicnt  if  they  be  enlarged  at  their  upper  tcrmina'ions,  according  to  the 
form  C  D,  fig.  rj.  This  divergency  nf  the  upper  part  will  carry  off  the  fmoke  very  well, 
even  when  it  is  not  pracTicable  to  ad'ord  chimneys  of  fufEcient  length  to  the  upper  apart- 
ments.    The  fame  obfervation  is  applicable  to  chemical  furnaces  for  ftrong  fire. 

J.  The  pipe  B  C  ought  to  be  ft raight,. without  elbows  or  curvatures.  To  the  experiments 
which  Boffut  has  made  on  this  hcadf  1  fliall  add  the  follow 
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ACCOUNTS    OF    BOOKS. 
Philofopbical  Tranfaflions  of  the  Royal  Society  of  I^ndon,  for  the  Year  1798-     Part  U. 
Quarto.  593  pages,  with  a  Lift  of  Prcfcnts  and  Index,  occupying  12  pages  more,  and 
17  plates.    Sold  by  Elmlly,  London. 

J.  K  [S  Part  contains  the  following  papers :  10.  A  Difquilition  of  the  Stability  cf  Ships, 
by  George  Atwood,  Efq.  — 11.  Quelques  Remarques  d'Opiique,  principalcment  relatives 
jl  la  Rcflcxibilit^  dcs  Rayons  de  la  Lumicre.  Par  P.  Prcvoft,  Profcfleur  de  Philofophic  a 
Ccnevc,  de  I'Academie  de  Berlin,  de  la  Socicte  des  Curieux  de  la  Nature,  et  de  la  Societe 
Royale  d'Edimbouro;.  Commonicated  by  Sir  Charles  Ulagdcn,  Knt,  F- R.  S. — la-  An 
Account  of  the  Orifice  in  the  Retina  of  the  Human  Eye,  diicovered  by  Prof eifor  Sim- 
mering: to  which  are  added,  Proofs  of  this  Appearance  being  extended  to  the  Eyes  of 
other  Animals.  By  t^verard  Home,  Efq.  F.  R.  S.— 13.  A  Deftription  of  a  very  unufual 
Formation  of  the  Human  Heart.  By  Mr.  James  Wilfon,  Surgeon.  Communicated  by 
Matthew  BaiJlic,  M.  D.  F.  R.  S.— 14.  Account  of  a  fingular  (nllarsce  of  Atmofphetical 
Reftaaion.  In  a  Letter  from  William  Latham,  Efq.  F.  R.  S.  and  A.  S.  to  the  Rev. 
Henry  Whiiiidd,  D-D-  F.  R.  S.  and  A.S  [Sec  Philof.  Journal,  11.  417.)— r;.  Account 
of  a  Tumour  found  in  the  Subftancc  of  tiic  Human  Placenta.  By  John  Clarke,  ^L  D. 
Communicated  by  the  Right  Hon.  Sir  Jofeph  Banks,  Bart.  K.  B.  P.R.S.— 16.  On  the 
Roots  of  Equations.  By  James  Wood,  B.  D.  Fellow  of  St.  John's  College,  Cambridge. 
Communicated  by  the  Rev.  Ncvil  Malkelync,  D.  D.  F.  R.S.  and  Aflronomcr  Rgyal.— 
17.  General  Tliforems,  chiefly  Porifms,  in  the  higher  Geometry,  By  Henry  Brougham, 
jun,  Efq.  Communicated  by  Sir  Charles  Blagden,  Knt.  F.  R-S. — 18.  Obfervaiions  of 
the  Diurnal  Variation  of  the  Magnetic  Needle  in  the  Ifland  of  Si.  Helena  ;  with  a  Conti- 
nuation of  the  Obfervations  at  Fort  Marlborough  in  the  Ifland  of  Sumatra.  By  John 
Macdooald,  Efq.  In  a  Letter  to  the  Right  Hon.  Sir  Jofeph  Banks,  Bart.  K.  B.  P.  R-S. 
— 19.  On  the  Corundum  Stone,  from  Afia.  By  the  Right  Hon.  Ch.irlcs  Greville,  F.  R.  S. 
— zo.  An  Enquiry  concerning  the  Chemical  Properties  that  have  been  attributed  to  Light. 
By  Benjamin  Count  of  Rumford,  F.  R.  S.  M.  tt.  L  A.     (Sec  Philof.  Journal  U.  400.)-!. 
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21.  Expc- 


AtetHHl  ef  Seitntific  PiihUeathni. 

ll .  EKperimenl*  to  determine  the  Dcnfity  of  the  Earth.  By  H.  Cavcn^ifli,  Efq.  F.  R.  S.  antt 
A.  S- — 22.  Au  improved  !>ulutton  of  a  Problem  in  I'hyficaJ  Aftronomy  i  by  which  fwiftly 
converging  Series  arc  obtained,  which  are  ufcful  in  compuiing  tiic  Ptnuibaiions  of  the 
Motion*  of  die  Earth,  Mars,  and  Venus,  by  ihcir  mutual  Attratlion  :  To  which  is  added 
an  Appendix,  coniatning  an  cafy  Method  of  obtaining  the  Sums  of  many  flowly  converg- 
ing Scries  which  arife  in  taking  the  Fluents  of  Binomial  Surds,  &c.  By  the  Kcv.  Johi» 
HcUins,  F  R,  S.  Vicar  of  Potter's  Pury,  in  Northamptoufhirc.  In  a  Letter  to  the  Key. 
Ncvi!  Mjtkclyne,  D-D  F.RS.  and  /iltronomer  Ruyal  —23.  Account  of  a  Sublhince 
found  in  a  Clay-pi[i  and  of  the  ErfctT;  of  the  Merc  of  Difs  upon  various  Subdancen  im> 
merfcd  iu  it  By  ,.Ir,  ilcnjamin  Wifeman,  of  Difs,  in  Norfolk.  Communicated  by  Johu 
Frere,  tfq  F.  R-  S.  With  an  Analyfis  of  ilic  Water  of  the  faid  Merc.  By  Charle(, 
Hatchcit,  Ef(j.  F.  R.  S.  In  a  Letter  to  the  Kt-Hoii.  Sir  Jofcph  Banks,  Hart.  K  B.  P  R.  S.— 
14.  A  Catalogue  of  Sanfcriia  Manufcripts,  prcfcnted  to  the  Royal  Society  by  Sir  William  ' 
and  I-ady  Jonts.  By  Charles  Witkins,  Efq-  F.  R  S, — Prcfcnts  received  by  iJic  Royal 
Society  frora  November  1797  to  Jane  1798.— Index. 

Cafes  of  the  Diabetes  MelHtus,  with  the  Refulta  of  the  Trials  of  certain  Acids  and  other 
Subftanccs  in  the  Cure  of  the  Lues  Venerea.     By  John  RoUo,  M.  L).  Surgeon  General^ 
Koyal  Artillery.     Second  edition,  with  large  additions.     O£tavo,  6ati  pages.    London, 
Dilly,  17!*8. 
An  account  of  the  firft  edition  of  this  excellent  trcatife  was  given  in  the  fifft  volume  of 

this  Journal,  page  ^85.    The  prcfcnl  edition  is  greatly  enlarged ;  but  the  lime  of  receiving 

it,  and  other  circumltantes,  prevent  me  from  giving  an  abltracV  of  its  contents  at  prefent. 

The  chemical  reader  will  fee  with  pleafure,  in  one  of  the  articles  of  the  prefent  Number, 

tliat  Mr.  CruiclcQiank  has  extended  his  rcfeatches  into  the  nature  of  Sugar  and  Vegetable 

Mucilage-     Sec  page  406. 

L'Art  du  Blanchemcnt  des  Toilcs,  Fib  et  Cotons  de  tout  Genre,  &c.  Jn  Engiijb.  The  Art 
of  Bleaching  Piece  Goods,  Thread  and  Cottons,  of  every  Dcfcription  ;  rendered  more 
eafy  and  general  by  means  of  the  Oxygenated  Muriatic  Acid  ;  with  the  Method  of  ren- 
dering Painted  or  Printed  Goods  pcrfcflly  \V  Kite  and  Colourlefs.  To  which  are  added; 
the  moft  certain  Methods  of  Bleaching  Sillc  and  Wool }  and  die  Difeoverics  made  by  (he 
Author  in  the  Art  of  Bleaching  Paper.  lUullratcd  with  9  large  Plates  in  ^to.  rcprc- 
fenting  all  the  Utenfils  and  ciiiTerent  Manipulations  of  the  Bleaching  Proccfs  :  Air 
elementary  Work,  compofed  for  the  Ofe  of  Manufaflurcrs,  Bleachers,  Dyers,  Callico 
Printers,  and  Paper-  Vlakers.  By  Pajot  des  Charmcs,  formerly  Infpcdor  of  iVIanufaflurcs. 
Sto.  202  pages.  Sold  by  Dugour  and  IDurand,  Rae  ec  Hotel  Scrpentc,  a  Paris. 
This  work  appears  to  be  of  fuch  great  praflical  utilltj'  that  I  have  begun  a  tranflation, 

which  will  appear  in  the  courfe  of  the  winter,  with  additional  information,  which  I  hope 

to  procure,  refpeifling  the  practiee  of  the  intelligent  manufacturers  of  our  own  country. 

Memoirca  et  Obfervations  de  Chtmic  de  Be rt rand  Pel le tier,  Dofleur  dc  Medccine,  &c.  > 
Or,  Memoirs  and  Obfervations  in  Chemillry,  by  Bettrand  Ptiletier,  Ooilor  of  Medi- 
cine, &c.  Collc£led  and  arranged  by  Charles  Pcllctier,  and  .Scdcllot  the  younger,  M.D. 
&c.  2  vols.  oQavo,  with  5  plates,  and  a  portrait  of  the  Author.  Sold  at  i'aris  by 
Croulebois,  Fuchs,  Barrois,  and  the  principal  bookfcllers. 

The  woiics  of  Fclletiei  are  known  a»d  valued  by  every  fcicntific  chemiiU  Moft  of  them: 

hue 


E  bve  already  appeurcd  in  tltc  AiinaJes  dc.  Chimie  and  Joumii  dc  PIiyli()uri  but  tliU  col- 
louion  cmmiaSf  as  I.ametherie  in/orms  us,  funii:  dcw  articlL-s  and  aiiuocation*  o£  Urn 
Mttlior.  I  ite  uiilitf  of  fuch  coUeCUons  is  obvious,  even  if  ibcir  fok  object  wccc  to  form 
totd  one  body  the  festered  pioduAions  uf  u  man  otgcuius.  The  ^«<»kK  of  maa;  mi- 
ttcai  writers  uf  Memoirs  have  loil  hnii  thtir  uiilii}',  for  want  of  litis  frteodlj  office  (p 
l«i«iice  »\vi  to  podhumaus  fain«. 

Aa  CDglidi  Traiiflaiion  of  the  late  Dr.  Stewart's  "  Prepofitisttfi  GnnttU'iU  Mtrt  Ketentm 
dcmonfrata"  is  announced  for  piiblicaiion  by  Mr.  Lcybourn. 
It  confiAj  of  a  ferJes  of  geometrical  theorems,  moflly  new,  itiveftigaied  Grfl  by  analyCf, 
;ind  afterwards  fyothetically  dcmonfiraicd  by  an  inveifion  of  iJic  fame  analyCs.  The  ttli- 
Jity  of  fuch  a  wort  is  evident  i  and  the  celebrity  of  the  original,  which  is  now  fcaicCf  wU 
ixiulcr  tlie  prcfent  traiiflaiion  more  valuahle. 


From  a  paflage  in  the  Ehgt  dc  Ltibn'nx,  in  the  volume  of  the  French  Academy  for  l7i(E| 
and  in  the  firjl  of  the  twovoiumes  oi-Eh^es piir  K'ltUuflU,  I  conclude  that  the  George  DkI> 
garo,  meniioiicd  in  page  345,  is  fo  named  by  an  error  of  the  prefs,  which  but  too  fretpientif 
occurs  in  copying  proper  names  from  obfcure  manufcript.  His  name  appear*  to  hlivc 
be«n  Ddlgarme.  I  (hall  give  the  pafTage  in  EttgliOi,  on  account  of  its  cuciollty  and  V«lue. 
(Sec  page  493  of  tlic  laft-tnentioned  work.) 

•'  It  might  now  feem  as  if  we  had  eichaulled  the  fubjcQ  of  the  labours  of  Leibnitz.  Bat 
"  this  is  not  the  cafe ;  not  bccaufc  we  have  palled  over  in  filence  a  very  great  number  of 
"  individual  fadts,  fufficicnt  to  have  clUbliihcd  the  fame  of  any  other  man,  but  becoufe 
"  what  remains  to  be  narrated  isof  a  very  diflcreiitkind  from  what  we  have  already  gi»cd. 
"  it  is  tlie  projc^of  a  Philofophical  and  Uoivcrfal  Language,  which  lie  had  contcivciU 
'*  Witkim  Btfliop  of  Chefler,  and  Dalgaime,  had  laboured  at  this  entcrprife:  ^m  when 
*'  Lelbnilz  was  in  England,  he  obfervcd  to  liiyU  and  Oldaibaurg^  thai  he  did  not  tliink  tbofe 
"  great  men  had  followed  ihe  true  meiUod.  They  might  caufc  nations  whofe  languages 
"  were  difl'trent,  to  communicate  together  with  tafe  \  but  they  had  not  feized  the  true 
"  rtal  chai acltrf,f\ivi\\  were  the  moil  delicate  iaflrumcnt  tJic  human  undcrllandiug  could 
"  avail  itfcif  of,  and  were  calculated  extremely  to  facilitate  ilie  procelTea  of  rcafon,  the 
**  powers  of  memory,  and  the  invention  of  things.  Tlicfe  charaflers  were  to  refemble  as 
"  much  as  polTible  the  charailers  of  Algebra,  which,  in  fadl,  arc  very  fimple  and  very  ex- 
"  preflive,  whi^h  never  prcfent  any  redundancy  or  equivocal  expreiTion,  and  of  which  all 
"*  the  varieties  are  demoiifliative.  He  has  fomewhere  fpoken  of  an  alpbahei  af  human  thou^lai, 
'*  which  he  meditated.  According  to  every  appearance,  this  alph.ibct  bore  relation  toliis 
"  uiiivcrfal  l.inguage.  After  the  difcovcry  of  this,  it  would  have  been  nlfo  neccfTary  to  have 
*'  difcovcrcd  the  art  of  pcrfuading  the  ditFerent  nations  to  ufe  it  j  and  this  would  not  have 
*•  been  the  fmalleft  difficulty  of  the  taflt."  With  regard  to  this  tail  art,  it  appears  to  tncld 
be  very  fimplc,  and  Lapable  of  being  pointed  oui  in  a  few  words.  On  this  fulled  the  Q 
£Day  confult  the  lemarka  at  pages  1 89  and  1 9 1  of  our  pivlent  volume. 
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ARTICLE  r. 

Mtferipiion  ef  a  neiu  hijiriinitnt  for  dratuing  equidijiatit  and  other  p»ral!tl  Lints  Ivith  great 
accuracy  and  expedition  i  inltnded  principally  far  the  ufe  of  Engravers.  With  Specimeni 
of  its  Performance.     By  H^.  N. 

O  O  M  E  months  ago  I  was  informed  by  the  Engraver  who  executes  the  plates  for  this 
Journal,  that  an  ingenious  artill  had  con[\ro£leti  a  machine  for  ruling  the  IhadcG  and 
grounds  of  copper-plate  engravings,  which  he  not  only  ufed  with  great  fucccfs  in  his 
own  bufinefs,  but  had  fold  to  others  under  an  engagement  of  fccrccy.  How  far  this  in- 
formation might  be  (Iri^lly  accurate,  was  of  Icfs  confequcncc  at  the  lime  this  converfatton 
took  place,  than  the  confideration  that  it  would  be  cafy  to  make  fuch  a  tool,  and  render 
its  advantages  more  general  by  publication.  I  then  promifcd  to  make  one  i  and  having 
HOW  finilhed  it,  I  take  the  earlictl  opportunity  of  communicating  it  to  the  world.  From 
the  preceding  hiftorical  ilatcment,  the  reader  will  fee  that  I  have  no  claim  to  the  original 
thought  of  fubflituting  mechanical  operation  indead  of  hand  work  in  this  department  of 
engraving;  and  i ho fe  who  have  feen  the  fcrew  gear  of  Ramfden's  great  dividing  en- 
gine will  alfo  perceive,  that  1  have  done  little  more  than  diftributc  the  parts  of  ibis  tool 
in  what  appeared  to  me  to  be  the  moft  fimple  and  convenient  manner. 

Fig.  I.  Plate  XX.  reprefenta  the  inftrument  of  the  fize  of  that  which  I  have  made.  Tiie 
outline  feclion,  fig.  2,  reprefents  the  fame  viewed  in  a  diredion  parallel  to  the  edge  of 
the  moveable  ruler.  The  letters  denote  the  fame  things  in  both.  A  A  A  A  is  a  frame 
fixed  to  the  drawing-board.  It  rcfembles  that  of  a  Hiding  rule,  and  fervcs  to  guide  a 
Hiding  piece,  which,  lying  in  fig.  i,  immediately  under  the  fcrew,  could  not  with  con- 
venience be  dcnuted  by  any  letter.  It  C  is  a  fcrew  of  exatlly  forty  thie:ids  in  the  inch, 
but  might  conveniently  be  made  of  a  coarfcr  thread.  GH  and  ED  arc  two  cocks,  the 
former  of  which,  G  H,  is  fixed  to  the  frame  A,  and  bears  a  clip  or  pair  of  nuts,  which 
cpen  and  (hut  with  a  joint  like  a  pair  of  compalTes,  and  cither  embrace  the  fcrew  by  a  re- 
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gularly  tapped  part  wlicn  (hut,  or  leave  it  at  liberty  when  open.    Fig.  3.  fhewg  the  fecc  of 
this  cock  with^the  cUp,  of  which.P  is  the  joint,  Q^Qj^apped  part,  R  a  pin  to  iofure  thtir 
coming  up  fairly,  and  S  a  claw,  which,  when!  drawn  upwards,  ferves  to  clofc  them  i  or, 
if  thrown  back,  leaves  them  at  liberty  to  open  by  the  a£lion  of  a  fmall  fpiral  fpring.  Jet 
imo  oppofitc  holes  near  the  joint.     ED,  fip;.  I,  reprcfents  the  other  rt>ck,  which  ^  fixed 
to  the  Aiding  piece.     It  carries  the  ftecl  ruler  EF,  which,  though  fufliciently  ftrong,  is 
thin  enough  to  adapt  itfelf  to  (light  variations  of  thicknefs  of  the  plate  beneath  it.    In  mr 
indrument  I  have  made  it  adjuftable  to  much  greater  variations  of  thicknefs,  by  means  of 
an  horizontal  axis  \  but  as  this  contrivance  adds  X6  the  expence,  and  dimtni(hes  the  fim- 
plicity  of  the  inftrument,  I  would  rather  recommend  that  great  variations  (hpuld  be  aU- 
lowed  for  hy  putting  paper  or  thin  flips  of  metal  'underneath  the  plate  A  A,  as  may  be 
required.    The  end  C  of  the  fcrew  is  turned  down,  and  fixed  in  the  cock  ED  by  means 
of  a  nut  and  wa(her  ;  or  in  any  other  of  the  methods  which  are  familiar  to  inftrument- 
makers.    The  uppdr  part  of  the  cock  £  D  is  filed  round,  and  cut  into  teeth,  of  which 
fifty  would  complete  the  whole  circle*     The  centre  of  this  external  circular  part  corre* 
fponds  with  the  axis  of  the  fcrew  (fee  fig.  4.).   L,M  reprefent  two  (hort  cylindrical  pieces 
which  are  hollow,  and  apply  to  each  other  fo  as  to  form  a  kind  of  box.    Within,  and  fixed 
to  the  part  M,  which  is  fixed  to  the  fcrew  itfelf,  there  is  a  ratchet  wheel  divided  into 
fifty  teeth  \  and  within  the  part  L,  which  is  merely  fupported  by  the  cylindrical  part  or  *ftem 
of  the  fcrew,  there  is  a  ratchet,  which  holds  when  the  part  L  is  moved  by  its  iumdle  N 
from  right  to  left,  l)ut  efcapes  when  that  handle  is  moved  in  the  contrary  direction.     O 
is  a  lever,  or  arm,  likewife  fupported 'by  the  (lem  of  the  fcrew,  and  occupying  the  re- 
maining fpace  between  the  handle  N  and  the  cock  D.     At  the  outer  extremity  of  thiis 
lever  there  is  a  fmall  (leel  blade,  which,  by  means  of  a  back  fpring  exa£lly  refemUing  that  of 
a  pocket  ktiife,  may  be  made  to  form  a  continuation  of  the  lever  itfelf,  or,  by  being  placed 
at  right  angles  to  the  lever,  may  be  made  to  reft  in  any  of  the  divifions  betwtei  the  tcetb 
of  the  circumference  of  the  cock  \  and  confequently  will,  by  that  means,  confine  the 
lever  to  the  pofition  in  which  it  is  placed.    The  handle  N  cannot  pafs  the  lever  O,  be- 
caufe  this  laft  is  too  thick,  and  there  is  a  ftud  or  pin  T,  fig.  4,  upon  the  face  of  the  cock 
D,  which  prevents  the  handle  from  being  moved  beyond  a  certain  determinate  ftation  to 
the  left  hand.     And,  laftly,  the  ruler  I K,  which  is  reprefented  as  broken  off  at  Kf  but 
(like  £  F)  may  be  of  any  required  length,  ferves,  by  means  of  a  thumb  fcrew  at  - 1^ 
and  another  at  the  oppofite  end,  to  fecure  the  copper-plate  againft  the  drawing«iboard  ia. 
the  ufual  manner. 

After  this  defcription  the  ufe  of  the  apparatus  may  be  eafily  underftood.  By  drawing 
back  the  claw  S,  fig.  3.  the  (crew  is  fet  at  liberty,  and  the  ruler  £  F  may  be  brought  to  any 
required  diftance  from  I K  by  hand.  The  plate  may  then  be  duly  placed  and  fecuied  to> 
the  board,  and  the  clip  drawn  gently  together  by  the  claw  S.  In  this  fituarten,  fuppofe  the 
lever  O  to  be  placed  at  a  confiderable  diflance  from  the  handle  N,  that  handle  may  be 
moved  to  the  right,  during  which  the  click  will  gather  upon  the  ratchet  wheel ;  and  then. 
being  returned  to  the  left,  it  will  carry  the  fcrew  round.  The  gentle  prc(ruTe,  exerted  hf 
means  of  the  claw,  will  tend  to  clofe  the  clip  upon  the  fcrew,  as  foon  as  it  comes  into  a  fair 
pofition  by  its  rotation  \  at  which  inflant  the  claw  will  fuddenly  fall  into  its  place,  and  the 
machine  is  ready  for  work,  excepting  that  the  adjuilment  for  the  finenefs  or  coarfeoefs  oC 

tht 


% 

I 


If ew  Machine  for  ruling  eftgraved  Plates.  431 

the  (Iroke  mud  firft  be  made.  This  is  done  by  the  lever  O.  If  the  Heel  blade  be  dropped 
into  the  firft  notch  beginning  on  the  left  hand,  the  handle  N  will  be  confined  ;  if  at  the  fe- 
cond  notch)  the  handle,  upon  being  moved  backwards  and  forwards  between  the  pin  T  and 
the  lever  O,  will  move  the  fcrew  through  one  tooth,  or  one-fiftieth  of  a  turn,  each  time, 
and  confequently  will  carry  the  ruler  F  through  one  2COoth  part  of  an  inch.  If  the  blade 
of  the  lever  O  be  placed  in  any  other  of  the  notches  (which  are  numbered  by  filing  the 
corners  of  every  fifth  notch),  the  quantity  paflcd  over,  at  each  return  of  the  handle,  will  be 
greater  or  lefs  according  to  the  number.  As  there  are  but  twenty  fix  notches,  the  greateft 
fingie  (hift  of  this  infttument  will  be  one-eighiicth  part  of  an  inch ;  but  as  the  fhift  is  fo 
readily  made,  it  is  eafy,  even  with  this  fine  fcrew,  to  reach  greater  intervals,  by  moving  the 
handle  once,  twice,  or  even  three  times,  between' ftroke  and  (Iroke.  Thus  for  one- fiftieth 
of  an  inch,  or  tS^^^I^s,  the  number  of  intervals  cannot  be  pafled  over  at  one  ftroke ;  but,  if 
the  blade  be  fet  at  the  twentieth  notch,  the  ruler  will  be  fhifted  exactly  that  quantity  by 
two  moTements  of  the  handle.  It  is  needlefs  to  multiply  dire£tions  for  this  part  of  the 
operation  \  and  the  more  fo,  as  the  artid  is  much  more  likely  to  determine  the  finenefs  of 
his  (hade  by  previous  trials,  which  will  render  him  acquainted  with  the  indrument,  than  by 
any  numerical  computation. 

An  inftrument  like  the  prefent  may  alfo  be  ufefully  employed  in  fubdividing  lines  into 
fmall  parts.  If  curved  lines  be  required  to  be  drawn  at  equal  diftances  from  each  other, 
the  fimpleft  method  appears  to  be  that  of  varying  the  figure  of  a  temporary  edge  of  horn 
or  metal,  which  may  be  fixed  to  E  F  :  and  if  lines  be  required  converging  to  a  point,  the 
ruler  £  F  may  be  made  to  occupy  the  radius  of  a  circle  of  any  magnitude  whatever,  by 
giving  an  adjuflable  angular  figure  to  the  Aider,  and  caufing  it  to  move  againft  two  points, 
upon  principles  deduced  from  the  thirty-firil  propo/ition  of  Euclid's  third  book. 

As  this  inftrument  was  made  at  intervals  of  leifure,  without  any  account  being  kept  of 
time  or  materials,  I  cannot  diftinftly  (late  the  coft :  but  I  tftimate  that  the  whole  being 
made  of  brafs  and  fteel,  and  well  fini(hed,  with  a  fmall  drawing-board  and  the  wooden 
holding  piece  IK,  might  be  afforded  by  a  (hopkee|>er  in  the  mathematical-indrument  buG- 
nefs  for  ten  guineas.  If  the  frame  and  Aider  were  of  box- wood,  which  I  have  no  doubt 
would  anfwer  very  well,  and  the  orrtamental  covering  LM  of  the  ratchet-wheel  were  omit- 
ted, I  fuppofe  the  inftrument  could  be  aflTorded  for  conGderably  lefs  than  half  that  fum. 

The  engraver  has  ufed  this  apparatus  in  the  plates  of  the  prefeu^  number. 
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N  a  paper,  honoured  with  a  place  in  the  fecond  volume  of  the  Tranfa£lions  of  the 
Academy,  I  recorded  the  refult  of  fome  experiments  made  in  the  year  1788,  for  the  pur- 
pofc  of  afcertaining  the  temperature  of  the  earth  in  our  latitudes. 

3Ka    .  From 


From  tiiefe  experiments  it  appears,  that  the  medium  temperature  of  the  kingdom  of 
Ireland,  from  its  fouthern  to  its  northern  extremity,  neariy  coincides  with  the  (landard 
afligned  to  correfpondin^  degrees  of  latitude  in  Mr.  Kirwan's  ingenious  taUes  *. 

It  is  further  difcoverable,  that  the  general  warmth  of  our  iflamUs  in  no  rcfpcft  inferior 
to  that  of  other  countries  in  its  parallel :  from  whence  wc  are  naturally  led  to  conclude^ 
that  the  annual  quantity  of  heat  received  here  is  not  lefs  in  our  day  than  it  was  in  former 
ages. 

If  thefe  things  are  fo,  it  may  be  denied  that  there  is  any  fubftantial  foundation  for  the* 
frequent  complaint  of  change  in  our  fwfons.  The  ocean  may  be  agitated  by  ftorms^ 
fands  be  drifted  along  our  coads,  and  trees  bladed  in  mountainous  and  expofed  (itnattons  % 
but  why  fhould  the  farmer  lament  the  diminiihed  ardour  and  (hortened  period  of  his 
■fummcrs,  as  if  winter  poflt  fled  more  than  its  natural  portion  of  the  revolving  year? 
Whence  (hould  arife  the  gardener's  complaints,  that  his  peaches,  however  (heltered  from 
florms,  rarely  now  arrive  at  maturity  ;  and  that  his  Nay-duke  cherries^  even  in  the  moft 
favoured  afpefts,  no  longer  merit  that  diflinguifhcd  title  ? 

IMay  I  be  permitted  to  a/Tume,  as  true,  the  fa6l  which  it  has  hitherto  been  the  purpofe 
of  this  paper  to  demon  (Irate,  and  in  fupport  of  which  the  trees,  the  fands,  and  the  tides 
of  our  iCand  feem  to  bear  con (l ant  and  unequivocal  teftimony -,  n^vmely  that,  of  late 
years,  the  weftern  winds  have  blown  with  increafed  violence  ?  From  that  (ingle  principle 
an  anfwer  may  be  deduced  to  all  thefe  interefting  queftions. 

It  is  a  matter  well  known,  and  eafily  to  be  explained,  that  the  furfacc  of  the  ocean  va* 
ries  lefs  from  the  mean  annual  temperature  of  its  latitude,  than  land  in  the  fame  parallel  f : 
that  is,  the  furface  of  the  fea  is  colder  in  fummer,  and  warmer  in  winter,  than  the  fur« 
face  of  the  ground  in  that  latitude. 

If  then  the  prevalent  winds  of  any  country  blow  over  an  ocean  fltuated  iivits  parallel^, 
that  country  will  relatively  be  denominated  temperate  ^  it  will  be  free  from  all  extremes  %• 
the  heats  of  fummer  and  the  colds  of  winter  will  be  checked  by  lea  breezes  of  a  contrarf 
property;  and  the  land,  influenced  by  the  neighbouring  element,  mud,  moreor  lefs^  par* 
take  in  its  equability  of  temperature. 

Such  is  the  cafe  in  almoft  all  the  iflands  of  the  world :  and  fuch  from  immemorial  ages 
has  been  the  peculiar  chara£ker  of  Ireland.  Hither  come  the  weftern  winds,  modified  by 
the  temperature  of  the  broad  Atlantic  ocean,  which  they  traverfe  in  their  career :  hither 
fly  the  clouds,  teeming  with  moifture  coUe^ied  in  a  courfe  of  three  thoufand  miles  along 
its  furface ;  and  here  uniformity  of  temperature,  and  redundant  humidity,  have  always 
been  marked  as  the  diftingui(hed  character  of  our  foil. 

Since  then  the  trees,  the  fands,  and  the  tides  demonfltate  that  thefe  winds  have,  of 
late  years,  blown  with  unufual  violence  ;  fince  they  bear  teftimony  that  a  large  quantity 
of  air  thus  dire£led,  thus  tempered,  and  furcharged,  has  pafled  over  our  lands ;  it  plainly 
follows  that  the  climate  mud  have  felt  the  change ;  that  it  mud  have  experienced  colder 
fummers  and  milder  winters  than  heretofore,  approaching  towards  that  equability  of  heat 
and  redundance  of  moidure  which  the  farmer  and  the  gardener  at  prefent  fo  heavily  la- 
ment. 

But  it  is  not  from  increafe  of  quantity  alone  that  thefe  winds  have  produced  their  effe^s. 

•  Sec  Kiivvan's  Eflimatc  of  Tcmpcraiurc*.  f.  Ibid. 
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They  have  altwcil  the  tcmperaiure  of  the  ocean  iifdfi  and  thus  have,  as  it  were,  mulii- 
plied  their  changcf'il  mfluTiicc  on  the  land}  aAing  theic  at  once  wilh  new  propenies,  as 
well  as  with  increafed  quantity. 

The  farface  of  water  in  a  f\ate  of  tranquillity  admits  of  greater  variations  of  tctiipcra- 
turc  than  in  a  flate  of  agitation.  It  may  become  much  huilcr  in  fuiiimcr  and  colder  in 
winter  when  calm  than  when  dilluibed ;  for  (he  panicles  at  the  furiacc,  nhcn  heated  or 
cooled,  do  not  immcdiatcty  ^ive  place  to  others  iieartr  the  bottom  ;  the  prccefa  of  com- 
mixture, in  a  [ranquil  liate,  is  gradual,  and  ilic  trailfnnlTion  of  change  fomewhat  ic- 
fcmbles  the  flow  and  retarded  progrcl's  that  takes  place  on  the  land.  Agitation  always 
counterails  this  gradual  proccfs ;  a  rapid  commixture  of  the  particles  produces  a  quick 
aflimilation  of  temperature  throughout  the  whole  mafs,  and,  thus  taking  away  all  partial 
cxccfs,  reduces  the  whole  toward  a  medium  Hate  of  uniformity. 

Thus,  fummer  tempefts  always  tend  to  diminifli  die  fuperficia]  heat  of  an  ocean  over 
which  tliey  rufti ;  white  winter  blalls,  agitating  the  waters  at  confiderablc  depths,  refift 
the  natural  cold  of  the  feafon  by  a  fupply  of  relatively  warm  particles,  which  arife  from 
the  bottom  toward  the  furfacc. 

That  the  Atlantic  ocean,  the  vaft  and  potent  arbiter  of  our  fcafons,  has  fuficred  un- 
ufual  agitation  of  late  years,  fee ms  evident  from  the  natural  phenomena  recorded  in  the  be- 
ginning of  this  Memoir.  The  trees  and  lands  of  our  i/la.id  bear  tellimnny  to  the  (Vorms 
which  fweep  along  its  furface ;  and  the  tides  come  to  us  as  frequent  and  unerring  mef- 
fengcrs  of  the  tumultuous  and  agitated  ftate  of  its  billows  attendant  on  their  furious  career. 

From  this  perturbed  abyfs  of  waters  has  arifen  an  unccaGrg  influence,  equally  potent 
to  check  the  ardour  of  tlic  I'ummer  folar  beams,  or  to  relax  tlie  Ihackles  of  a  northern 
winter-  By  this  prevailing  influence,  fummer  has  been  rendered  impotent  lo  taifc  and 
ripen  many  of  our  crops  ;  and  the  firmer,  taught  by  neceffit y,  learns  now  to  hand  thein 
over  ready  grown,  and  prepared  for  the  maturity  of  fummer  under  the  mild  temperature 
of  an  Atlantic  winter.  Hence  too  the  gardener  has,  of  late  years,  been  compelled  to  call 
in  the  aid  of  artificial  heat  to  forward  the  peach,  the  ne£larinc,  tjic  grape,  and  every  other 
fpccies  of  delicate  fruit  to  pcrfeilion. 

Hence  premiums  now  vainly  attempt  tlie  growth  of  hemp,  which  formerly  peafants,  in 
the  molt  noithern  counties  of  Ireland,  cultivated  without  reward  around  their  cabins  for 
domedic  ufe.  And  hence  the  ancient  apiaries  of  our  ifland,  once  fo  celebrated,  and 
guarded  with  fuch  fpccial  and  minute  attention  by  the  Dn  hon  laws  ",  are  now  extinfi  ; 
and  honey,  from  being  a  common  article  of  popular  confumption,  has  become  a  rare 
luxury,  or  an  expenfive  medicine. 

Winter  has  likewifc  felt  the  general  inlTucnce  of  this  Atlantic  temperature ;  our  graflcs 
fcarcely  droop  beneath  the  frofl  s ;  wheat  and  oats  vegetate  iu  ihe  open  fields  during  the 
?ery  folfticc  itfelf ;  myrtles  and  laurels,  in  Ihcltercd  lituations,  brave  the  feverity  of  winter ; 
the  Foyle,  and  other  large  rivers  of  the  northern  province,  frequently  fubje^  to  the  icy 
chains  of  former  ages,  now  run  in  uninterrupted  freedom  f- 
"  Sec  CollcflanEa  dt  Rcb.  Hib,  Tranll,   Brehoi.  La*j. 

t  Fifty  yeari  have  eiapfed  fincc  lilt  rivtr  Fojlc  has  been  tfTcaoaJIy  froten  trier  Kt  Deny,  rt  it  »\Ci}  d\). 
Trrved  that  ilic  river  Thamei,  in  Btiiiin,  i>  Icfi  frcqucoily  froiea  of  lau  yean  thau  fortDcrly.  Ste  Aichxo- 
logia  Briiianica,  vol.  iii.  p.  <5. 
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Tadf  fudi  as  thefe  are  to  be  confidered  as  the  bafis  of  general  optiiiori  eoncecsiitg  tli6 
alteration  of  our  climate ;  while  old  age,  conneding  thefe  appearances  with  die  fiagilitf 
of  declining  life,  and  a  decayed  coniHtution,  has  become  querulous  ifi  proportion  to  it» 
feelings,  *and,  judging  of  external  phenomena  'bjr  the  exaggeirated  tefl:  of  its  own  acute 
fenfations,  emphatically  pronounces  that  the  feafons  are  now  lefs  favourable  than  for« 
nerly. 

On  the  Confequences  of  this  Equability  of  Temperature  to  Animal  and  Vegetable  L^i* 

« • 

FROM  the  tranfient  perufal  of  this  Memoir,  a  rapid  and  impatient  mind  would  pro- 
bably draw  numberlefs  falfe  conclufions.  The  fads  here  recorded  feem  to  wear  a  gloomy' 
afped ;  to  mark  a  gradual  deterioration  of  our  feafons ;  to  indicate  a  climate,  harffi^  iiii«- 
genial,  and  of  confequence  fterile  in  its  nature  \  clouded^  humid,  tempeftuons,  cheerkfsy 
and  unfriendly  to  animal  and  vegetable  life. 

All  thefe  conclufions  contradid  experience,  and  may  be  overturned  by  a  calm  confidcfsi* 
tion  of  the  phenomena  themfelves. 

Experience  teaches  us  that  dry  feafons  and  eafterly  gales  are,  ill  our  iftand,  mvariaUe 
fources  of  feeble  vegetation  and  numerous  difeafes*;  and  the  hiftory  of  the  world  inferma 
us  that  winds,  whether  hot  or  cold,  are  in  their  nature  deleterious  to  animad  and  vegetable 
life,  in  proportion  as  they  become  deprived  of  humidity.    The  warm  adr  of  the  African 
defert  breathes  defolation  over  the  parched  land  of  ^ypt  and  Syria,  before  it  is  yet  fdt  aa 
a  temped  f.    Even  our  own  wefterly  winds,  the  Atlantic  meflengers  of  health  and  fer* 
tility  to  our  ifland,  after  traveriing  the  cold  and  dry  trad  of  the  Taft  Siberian  cottttnfnt, 
bear  nothing  but  fterility,  and  almoft  perpetual  winter^  to  the  uidiappy  climate  of  Kam* 
fchatka  X. 
,  Heat  or  cold  in  extremes,  dry  air  in  rapid  motion,  and  moid  air  in  a  ftagnant  ftate^feem 
to  be  the  principal  external  fources  of  human  difeafes ;  and  climates  are  generally  foan^ 
favourable  to  health  and  longevity  in  proportion  as  they  are  exempt  from  thefe  natural 
caufes  of  diforder  and  decay. 

It  ought  therefore  to  be  inferred,  a  priori^  that  Ireland,  celebrated  for  the  Angular  equa- 
bility of  its  temperature,  and  the  ceafelefs  motion  of  an  atmofphere  always  influenced  by 
the  nioifture  of  the  Atlantic,  {hould  be  likewife  charaflerifticaUy  free  from  natural  difeafe  ; 
and  experience  proves  that  this  conclufion  is  true. 

The  exhaufting  agues  of  North  America,  or  the  fens  of  England  J ;  the  fatal  fluxea 
wliich  prevail  in  the  low  countries  of  the  continent  of  Europe ;  the  dreadful  bilious  dif- 
tempers  of  both  the  Indies*,  the  peftilence  which  defolates  the  African  and  Afiatic  cIU 

*  Of  this  the  influenza,  attendant  on  the  eaAerly  winds  of  Tpring  in  the  picfent  year  (i795)>  >^^s 
a  ftrong  inftance. 

\  See  Vobiey's  account  of  Egypt  and  Syria. 

♦  The  latitude  of  Kamfchatka  corrcfponds  with  that  of  Ireland ;  the  wefterly  winds  are  prevalent  in  each  ; 
yet  the  foraier  experiences  a  rigorous  winter  of  nine  months,  'and  the  latter  rarely  of  as  many  days.  Sec 
Cook's  Voyage  in  ^779,  vol.  iii.  ch.  6. 

§  The  ague  is  fo  rare  in  feveral  parts  of  Ireland,  that  many  pcrfons  are  totally  unacquainted  with  it.  In  the 
aorthem  province  the  author  has  never  met  with  the  difeafe,  and  its  exiilence  there  is  generally  denied. 
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mates,  arc  all  cither  entirely  unknown,  or  but  feebly  felt  in  Ireland.  Tlierc  Ts  here  no  cha- 
raderiftifc  difcafe  to  mark  the  natural  fourcc  of  unhealthfulnefs.  There  are  few  difordcrs 
which  cannot  be  dirc£tly  traced  up  to  fome  artificial  caufe ;  to  fomc  intemperance,  to 
forae  neglecl,  to  fome  excefs,  either  of  luxury  or  penury,  in  the  fufferinjr  fubje£k.  Manu- 
fefturcs  in  their  kind  unwholefome,  induftry  exerted  beyontl  its  proper  limits,  irregularity 
of  food  or  fermented  liquors,  illicit  amours,  colds,  the  confequence  of  folly  or  inattention, 
icxcefs  or  deficiency  of  proper  exercife,  anxiety  and  fretful nefs  of  mind,  together  with  the 
copious  lift  of  cafualties,  afford  to  the  phyfician  of  tliis  country  the  caufes  and  explana- 
tion of  almoft  all  its  diforders. 

From  its  peculiar  falubrity,  the  natives  of  this  ifland  are  celebrated  through  Europe  for 
juft  fymmetry  of  proportion  ani^  an  athletic  frame ;  becaufe,  from  earlieft  infancy  to  man- 
hood, a  check  is  rarely  given  to  the  progreflive  incrdafe  of  animal  ftrength,  or  the  natural 
and  appropriate  forms  of  an  undifeafed  body.  From  the  fame  hygeian  fource  flow  thofc 
ardent  pafTions,  thofe  exuberant  dreams  of  animal  fpirits,  which  render  our  natives  al- 
ways cheerful,  oftentimes  turbulent  and  boiderous,  the  ufual  confequences  of  uninter- 
rupted health  and  a  vigorous  conftitution.  Hence  wild  adventure,  perfonal  courage,  im- 
petuofity  of  purfuit,  inattention  to  confequences,  and  improvidence  of  difpofition,  become 
the  chara^eridic  features  of  minds  feldom  under  the  influence  of  that  anxiety,  wliich, 
flying  from  the  prefent  moment  and  its  enjoyments,  watches  for  futurity,  and  pants  after 
remote  felicity. 

The  general  temperature  of  our  climate,  in  the  vicinity  of  the  capital,  is  fomewhat 
lower  than  the  50th  degree  of  Fahrenheit's  thermometer*}  and  a  mean  of  the  hotted  or 
colded  months  of  our  year  i^rely  vairies  more  than  ten  degrees  from  this  dandard  heat  f . 
Winter  therefore  with  us  is  ufually  accompanied  with  a  temperature  of  forty  degrees, 
fpring  and  autumn  of  fifty  degrees,  the  fummer  of  fixty  degrees  of  the  thermometer ;  and 
the  general  heat  of'any  fingle  month  of  thefe  feveral  feafons  feldom  varies  much  from  the 
correfponding  temperature  of  that  particular  feafon  to  which  it  belongs* 

Of  thefe  limits  the  lowed  is  not  fufliciently  cold  to  check  the  growth  of  any  of  the  na- 
tural herbage  of  our  ifland,  nor  the  highed  powerful  enough  to  parch  the  furfs^ce  of  a  moid 
foil,  or  to  fcorch  its  luxuriant  grafles.  Hence  it  comes  to  pafs  that  our  fields  maintain  a 
perpetual  verdure,  unimpaired  by  either  foldice.  Hence  too  the  farmer  is  enabled  to  lay 
hi^  lands  under  grafs  almod  at  any  feafon,  even  at  the  commencement  of  winter  %  :  and 
hence  the  grazier  never  lofes  the  benefit  of  his  rich  padures  at  any  period  of  the  year, 
unlefs  during  the  tranfient  paflQige  of  a  temporary  drift  of  fnow ;  fo  that  horfes,  cattle, 
and  {heep>  arrive  here,  with  little  care,  at  a  degree  of  perfe£lion  unattainable  in  other 
countries  without  hifinite  expence  and  trouble. 

For  the  growth  of  flax,  the  daple  commodity  of  the  kingdom  ;  of  potatoes,  the  general^ 
food  of  its  inhabitants  \  and  of  barley,  from  whence  the  ardent  fpirits  and  other  fermented 
liquors  of  the  country  are  derived  ;  the  climate  feems  to  poflefs  a  peculiar  felicity  of  tem- 

*  See  Hamilton's  paper  on  the  temperature  of  Ireland,  in  the  fccond  volume  of  thefe  Tranfaftiont. 

f  See  State  of  the  Weather  in  Dublin,  from  June  1791  to  J.une  i79jr  by  Mr.  Kirwan,  Vol.  V.  of  thefe 
Tranfa£lions. 

X  See  Young's  Tour  in  Ireland,  Vol.  \i  p.  1.30*  -  ^ 

perature^ 


434 


1\!   : 


n  ■  ■ 


v*.-*^''^  ^**'.  9f  Ireland. 
,.w  Of  lAcir  ncccffary  degree  of  ripenefs  the  heat 


x,^»  ,**  ^onkn-fniits,  for  ill  conduced  crops  of  oats  in 

,  . .  >,  i£iU  iVr  ihc  complete  and  perfect  maturity  of  wheat^ 

..  ,.v  Sr  emertaincd  by  the  gardener  or  the  farmer. 

.'x  ■  ^  "^^"^  ^^f  Vitt\Q  importance;  and,  where  fuch  luxuries  are  rc- 

.  vi  jrtiricial  heat  afford  an  ample  fupply,  and  remove  all  pre* 

S«-tia:t  art  and  induflry,  attentive  to  circumftances,  and  accommo« 

»  ^  ,:,vo«  ir^^"^  ^^^  ^^^^  temperatures  of  our  winters  as  much  warmth  ad 

>.  ■  ,v  tor  rhc  deficiency  of  fummer  heats  in  forwarding  and  perfefting  the 

V  .       vt.i  ji  little  will  teach  the  farmer  in  our  mountainous  provinces  to  ufe  the 

V  \*  uh  rcfpecl  to  his  oats,  whenever  ncceflity  (hall  demand  his  increafed  at- 
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r  *  Turn  up  matters  then  with  truth  and  brevity— A  denfity  of  population,  furpafling 
^  oi'  iJ***  vaunted  millions  of  undepopulated  France  *  ;  a  copious  export-trade  in  pro- 
Ton'i  K>i  various  kinds,  unequalled  by  any  kingdom  whofe  inhabitants  are  proportionably 
numerous  t  •  *"^  ^  ftaple  manufaiSlure,  unrivalled  in  general  ufe,  in  certainty  of  produce, 
and  intrinfic  value  %  ;  are  circumftances  which  have  not  fallen  to  the  lot  of  other  nations, 
and  bring  with  them  clear  and  irrefragable  evidence  to  demondrate  a  (alubrious  country^ 
a  genial  climate,  and  a  fertile  foil  in  Ireland. 

*  The  inhabitants  of  Ireland  anoount  to  more  than  four  millions.  (See  Mr.  Buflie's  Memoir,  Irifh  Tranf* 

Vol.111.) 
Hence  the  dcoftty  of  its  population  is  at  the  rate  of  1S2  perfons  to  a  fquare  geographical  mile,  fuppofing  the 

ifland  to  contain  in  round  numbers  22»ooo  fuperBcial  miles. 

Mr.  Zimmerman,  in  his  Political  Surx'ey  of  Europe,  erroneoufty  fuppoling  the  inhabitants  of  this  country 

lefs  than  two  millions  and  a  half,  deduces  a  denfity  of  population  only  to  117  perfons  on  each  mile.     The  fol- 

lowing  table  marks  the  number  of  individuals  on  a  geographical  fquare  mile  in  the  northern  countries  of  Eu* 

rope,  as  taken  from  Zimmerman's  tables  (Ireland  being  corre£led)^  from  whence  it  will  appear  that  this 

kingdom  rates  extremely  in  the  denfity  of  its  population. 


Denmark 

Sweden 

Ruffia 

Scotland 

Poland 

Pruffia 

England 

Germany 

France 

Ireland 

Holland 


Perfons, 

12 

14 
20 

5' 

53 

67 

129 

182 
236 


,j.  Two  hundred  and  twenty  thoufand  barrels  of  beef  and  pork,  independent  of  the  various  matters  conne6^ed 

therewith,  and  of  every  other  fpecies  of  provifion,  were  exported  in  the  year  ending  25th  March  1793. 

^  After  a  progreflive  increafe  of  ninety  years  the  exports  of  linen-cloth  alone,  in  the  year  1792,  amounted 
m  forty-three  million  yards,  from  one  million  only  at  the  commencement  of  the  prefcnt  century. 

COMCLUSIOK. 
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Conclusion. 

IN  this  Memoir  I  have  endeavoured  to  prove,  from  natural  and  almoft  incontrovertible 
regiflers  of  the  phenomena  of  later  years,  that  the  winds,  and  particularly  the  wefteni 
ftorms,  have  fwept  with  increafed  violence  over  Ireland. 

From  this  faft  I  have  deduced  a  neccffary  change  in  its  climate;  a  more  general  equa- 
bility of  temperature  through  the  year  ;  fummers  lefs  warm,  and  winters  more  mild  ajid 
open :  and  laflly,  I  have  endeavoured  to  fupport  this  conclufion  by  general  obfervation, 
and  the  enumeration  of  particuhir  inftances  where  the  dek£t  of  fummcr  heat,  and  winter 
ice,  fecm  to  be  the  mod  ftrongly  marked. 

One  queftion  ftill  remains  curious  in  its  principle,  and  interefting  in  its  folution— Why 
have  thefe  weftern  winds  blown  with  unufual  and  increafed  violence  ? 

The  limits  of  a  Memoir  fuch  as  this  do  not  permit  me  to  enlarge  on  this  Tubjcft,  and  even 
appear  to  include  a  reproof  for  the  length  of  the  prefent  interruption.  I  fliall  therefore  trcf- 
pafs  no  longer  on  the  moments  of  the  Academy  than  to  fugged  a  few  queries,  which  may 
ftand  over  for  future  confideration  ;  leaving  it  to  time,  and  the  ingenuity  or  better  directed 
obfervations  of  others,  to  verify,  to  difprove,  or  to  condemn,  the  hints  which  may  be  con- 
tained in  them. 

ift.  Have  not  our  winds  become  more  violent,  and  the  temperature  of  our  feafons  more 
equable,  fince  the  fcfrefts  of  Ireland  were  cleared,  and  the  country  cultivated  ?  And  have 
not  thefe  winds,  and  that  equability  of  temperature,  been  nearly  proportioned  to  thefe  as  to 
their  caufes  ? 

2d.  Have  not  fimilar  changes  occurred  under  analogous  circumftances  in  North  America ; 
even  in  Canada,  that  country  of  extremes  in  heat  and  cold  ?  And  did  not  the  ifland  of 
Bermudas,  though  (ituated  fo  much  to  the  fouthward  of  us,  become  barren  of  fruit  in  con- 
fequence  of  the  deftruftion  of  its  timber-trees  ? 

3d.  Has  it  not  appeared  from  obfervations  on  the  afcent  of  balloons,  and  the  motion  of 
clouds,  thtt  the  lower  mafs  of  air  often  purfues  a  different  courfe  from  the  upper  ftratum  ? 
May  not  then  the  limits  of  our  ftormy  currents  of  air  be  often  confined  within  a  few  hun- 
dred yards  of  the  furface  of  the  earth  ?  And  if  fo,  is  it  not  poflible,  and  even  probable, 
that  the  frequent  interruption  of  forcfb  and  groves,  and  hedge-row  trees,  might  have  for- 
merly very  much  retarded,  and  finally  checked,  the  progrefs  of  a  temped  ? 

4th.  Have  not  all  the  countries  of  Europe,  Afia,  and  America,  within  the  parallel  of 
Ireland,  been  very  much  denuded  of  their  foreds  within  the  prefent  century  ?  And  has 
not  the  increafod  velocity  of  the  wedcrly  winds  been  proportioned  to  this  dedrudbion  of 
the  foreds  and  trees,  as  to  their  natural  caufes  ? 

5th.  Is  it  not  probable,  fince  the  prevalent  winds  of  our  parallel  have  a  wefterly  ten- 
dency,  that  circumdances  which  have  removed  impediments  to  their  career  round  the  en- 
tire globe  would  give  increafed  velocity  to  their  courfe  ? 

6th.  Should  not  Ireland,  launched  as  it  is  into  the  Atlantic  beyond  the  other  coafts  of 
Europe,  and  denuded  as  it  has  been  of  foreds  and  hedge-row  trees,  be  mod  fenfibly  af- 
fefted  ty  increafing  tempeds  from  the  wed,  and  the  fird  to  experience  their  influence 
on  its  climate  ? 

Whether  thefe  queries  have  any  foundation  in  nature,  or  are  merely  to  be  edeemed  the 

refult  of  an  unredrained  imagination  ;  whether  fo  diminutive  an  animal  as  man,  fo  tern* 
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porary  m  duration,  fo  impotent  in  (Ircngth,  ading  through  the  lengthened  period  and  per- 
fcvering  efforts  of  a  large  portion  of  his  fpecies,  can  reafonably  be  deemed  equal  to  the  in- 
voluntary produftlon  of  fuch  vaft  cfFefts  5  to  a  change  even  of  the  elements  afid  climates 
of  the  earth,  may  admit  of  doubt,  of  oppofition,  and  even  of  denial.  For  thefe  reafons  I 
have  taken  the  liberty  (imply  to  propofe  them  as  matters  of  enquiry ;  and  only  beg  the  in- 
dulgence of  th?  Academy  for  troubling  them  with  matters  that  may  not  be  attended  wiih 
fufficient  evidence  to  bring  convidion,  or  even  to  cfcapc  ccnfurc. 


POSTSCRIPT. 

OcJoher  20,  1795. 

THE  prefent  year  ( 1 795^  has  been  comparatively  cold  in  its  commencement,  and  warm  in 
tts  funlmer :  it  has  been  calm,  dry,  and  in  many  refpeds  a  contrail  to  the  long  feries  of  pre- 
ceding years,  whofe  effecls  are  regiftered  in  this  Memoir. 

Yet  the  extremes  of  its  temperature  have  not  been  equal  to  thofe  of  former  years,  as  far 
as  can  be  inferred  from  the  recorded  effefls  of  heat  and  cold  on  natural  objefts.  The 
large  rivers  of  the  northern  province  have  not  been  bound  firmly  in  the  icy  chains  af 
winter,  nor  have  the  grapes  ripened  in  favourable  afpefts  in  any  part  ef  the  kingdom  dur- 
ing fummerj^  as  formerly  occurred  in  fcafons  whofe  temperature  was  denominated  extreme. 


III. 
Experiments  and  Obfervations  on  EleSfricity'-^Excitaiion^the  two  States^^Points  of  Difference 
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bei%veen  the  A£hon  of  nveah  and Jlrong  EleSiricUies  compared  together,     (W.  N.) 


H  E  excitation  of  ele£lrics  by  fri£lion  (lill  remains  a  myftery.  We  pofTefs  nothing 
in  the  leaft  refembling  a* theory  of  the  changes  of  elcftrical  capacity  which  the  rubber  and 
cylinder  undergo  during  their  change  of  relative  pofition  in  contadl.  In  the  year  1789  I 
communicated  feveral  fa<Ss  to  the  Royal  Society*  concerning  the  mutual  a£tion  of  thefilk 
flap  and  the  eledirical  cylinder  upon  each  other,  and  fliewed  that  fomething  like  compen- 
fation  takes  place  while  they  remain  together.  The  tranfition  of  the  furface  of  the  cylin- 
der from  the  compenfated  to  the  uncompenfated  ilate  is  (Irikingly  feen  when  a  hole  is  cut 
nx  the  filk)  and  the  cylinder  turned  under  circumdances  of  condderable  excitation.  A  caf- 
cade  of  fire  ifliies  from  that  edge  of  the  hole  which  is  neareft  the  cufliion  j  but  inftead  of 
being  diflipated  into  the  air,  it  bends  down  again,  and  unites  with  the  cylinder  at  the  oppo* 
fite  edge  of  the  hok,  whence  it  proceeds  as  ufual  to  the  receiving  part  of  the  prime  con* 

The  phenomena  of  the  two  eleftricities  called  plus  and  minUs  are  Angularly  diftin£l  in 
almoft  every  experiment  which  can  be  made  with  the  exhibition  of  eledric  light.  Paper  is 
a  good  fubftance  for  obferving  the  vifible  parage  of  eledlricity.  If  a  ftrong  plus  eledric 
ftream  be  let  fall  on  the  flat  fide  of  an  uninfulatcd  (heet  of  paper,  it  forms  a  beautiful  flar 
about  four  inches  in  diameter,  confiding  of  very  diftinft  radii  not  ramified.  The  minus 
tlcftricity,  in  circumdances  perfeftly  fimilar,  throws  many  pointed  bruflies  to  the  paper, 

^  Philofophlcal  Tranfa^UoDs,  No.  lxxix« 

hut 


« 


t 


tiher  the  Glafs  luhi  of  EhFhr$mdirs  hnpmr  their  E feels.  439 

but  forms  no  ftar  upon  it.    In  this  experiment  I  ufcd  a  machine  with  a  cylinder  of  fcveu 
inchcfi  diameter. 

Hence  it  fecms  to  follow,  that  a  hollow  ball  of  paper,  or  a  glafs  globe  covered  with  paper, 
might  form  an  amufing  part  of  the  eleftrical  apparatus  for  experiments  in  the  dark. 

The  laws  of  aftion  with  regard  to  weak  eledlricities  and  thofe  of  confiderable  intenfity 
appear  to  differ  in  various  particulars,  which  require  further  invefligation.  "When  a  num* 
bcr  of  jars  are  charged  in  fucceflion,  that  is  to  fay,  by  infulating  the  whole  feries,  and 
caufing  the  outer  coating  of  the  firfl  to  communicate  with  the  inner  of  the  fccond,  and  the 
outer  coating  gf  the  fccond  with  the  inner  of  the  third,  and  fo  forth,  it  is  well  known  that 
the  whole  may  be  charged  by  communicating  eleftricity  to  the  infide  of  the  firft,  provided 
the  lad  have  a  communication  with  the  earth  5  but  with  this  circumftance,  that  the  charge 
will  reflore  itfelf  by  exploGon  when  the  quantity  of  eleftricity  is  much  lefs  than  the  firft 
jar  would  fingly  have  received  and  retained.  From  this  refult  it  has  with  fome  probabi- 
lity  been  concluded,  that  glafs  refills  the  communication  of  eleclric  energy,  and  that  the 
jars  are  fucceCively  lefs  and  lefs  charged.  Whether  this  laft  conclufion  be  true,  has  not 
I  believe  been  afcertained  by  experiment. 

Under  all  the  uncjsrtainties  concerning  the  place  occupied  by  the  ele£lric  charge  of 
coated  glafs,  though  it  may  feem  unfair  to  make  any  inference  refpe£ling  glafs  which  is 
uncoated,  yet,  upon  the  whole,  there  appears  to  be  a  probability  that  the  interpoCtion  of 
naked  glafs  may  impede  the  aftion  of  eleftrified  bodies.     This  queftion  more  irnmediatcly 
points  at  the  tube  in  which  the  gold-leaf  eleftrometer  of  Bennet  is  inclofed.   To  determine 
whether  the  tube  of  the  eleftrometer  does  aiFeft  the  eleflric  ftatc  of  the  included  leaf;  ci- 
ther by  compenfation  or  orherwife,  I  took  a  piece  of  window-glafs  eighteen  inches  long, 
two  inches  wide,  and  one-twentieth  of  an  inch  thick,  which  1  cleaned  very  well,  and  then 
paffed  it  feveral  times  through  the  hot  air  over  the  flame  of  a  candle.  In  this  ftate  one  icnd 
of  the  glafs  was  laid  gently  upon  the  eleftrified  plate  of  Bennet's  eleftrometer,  and  thea 
fuddenly  raifed  by  a  turn  of  the  wrift.  It  was  fcarccly  poflible  to  difcern  that  the  leaves  were 
at  all  affefted  j  but  when  the  eleftrometer  was  in  the  plus  ftatc  a  very  flight  collapfion  was 
produced  by  raifing  the  glafs,  and  the  contrary  eflPeft  was  produced  when  the  eleftrometer 
was  negative.     Some  days  afterwards  the  experiment  was  repeated,  after  the  gold-leaf  had 
been  changed  for  other  pieces,  which  were  very  pointed  and  delicate  in  their  movements. 
The  refult  was,  that  the  glafs  was  always  (hewn  by  tlie  eleftrometer  to  be  in  a  weak  pofi- 
tive  ftate  •,  and,  when  the  eleftricity  of  the  eleftrometer  was  made  plus,  the  collapfion  wai 
equal  to  the  divergence  when  it  was  minus. 

In  making  ihefe  experiments  I  had  previoufly  fuppofed  that  the  influence  of  the  me* 
tallic  ftate  of  the  eleftrometer  would  produce  fomewhat  of  the  nature  of  a  charge  upon 
the  glafs ;  and  confequently  that  the  intenfity  of  the  leaves  would  have  been  diminiflied 
during  the  exiftence  of  that  charge  ;  and  alfo,  that  in  fuch  a  cafe  the  aftion  of  the  metal 
through  the  glafs  would  be  fubjeft  to  the  fame  diminution  as  in  the  feries  of  jars.  But  as 
the  glafs  did  not  appear  to  aft  in  this  manner,  it  fecms  proper  to  conclude  that  clean 
glafs  does  not  aflFeft  the  eleftric  ftate  of  bodies  by  its  vicinity,  and  that  the  divergence 
of  the  balls  or  the  gold-leaf  in  the  eleftrometers  of  Cavallo  and  Bennet  is  not  diminiflied 

by  the  tube  which  furrounds  them.    ^ 
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From  a  variety  of  experiments  it  was  clearly  afcertained  that  the  metallic  coatmgi^ 
though  by  their  vicinity  they  may  diminifh  the  intenfity  of  the  eleftric  ftate  in  the  leavesj 
do  neverthelcfs  increafc  the  angle  of  divergence  by  their  attradion. 

When  the  gold-leaf  eleftrometer  is  made  with  a  very  fmall  tube,  its  fcnfibility  is  fomc- 
what  increafed  by  the  nearnefsof  tlie  coatings;  but  the  chance  of  rendering  it  unfcr- 
viceable  from  cafual  fri£lion,  which  excites  the  glafs,  and  caufes  the  gold  leaf  to  (lick 
to  il,  togetlier  with  the  lefs  perfeft  view  of  the  divergence  through  a  tube  of  fmall  cur- 
vature, afford  reaions  why  a  diameter  of  lefs  than  an  inch  Ihould  be  rejefled.  Other 
reaCons  of  convenience  indicate  that  the  diameter  of  the  glafs  (hould  not  much  exceed 
this  quantity. 

I  was  once  induced  to  think  that  the  conGderable  magnitude  of  the  cap  of  Bennet'g 
clcftrometcr  might  render  it  lefs  capable  of  being  aded  upon  by  fmall  quantities  of  elec- 
tricity. Experiment  did  not  however  give  much  countenance  to  this  fuppofition.  By 
trials  with  heads  of  different  fize,  the  fmallcft  were  found  to  be  rather  more  fenfible  to 
extremely  minute  elcftricities,  and  lefs  fo  to  fuch  as  were  greater.  The  influence  of  very 
weak  electricity  may  produce  the  oppofite  ftate  in  the  whcle  of  a  fmall  head,  but  only  in 
part  of  a  larger  -,  the  remaining  part  of  this  laft  affuming  the  oppofite  ftate,  and  robbing 
the  leaves  of  part  of  their  intenfity.  But  in  higher  eleSricities  the  whole  of  the 
large  head  may  be  urged  to  give  eledlricity  to  the  leaves,  in  a  quantity  which  the  fmaller 
head  could  not  give  without  acquiring  a  higher  degree  of  intenfity,  and  confequcntly 
more  ftrongly  rcfifting  the  dcfired  proceCs.  It  appears  therefore  that  the  maximum  of 
effc£^  with  a  given  eleflricity,  a£ting  without  communication,  will  not  be  obtained  but 
by  an  head  of  a  definite  figure  and  magnitude. 

From  fome  experiments  of  Hoadley  and  Wilfon  with  a  number  of  prime  conduilors 
iGeparately  infulated,  it  was  eftabliflied  that  an  eleflrified  body  brought  near  one  end  of 
fuch  a  fet  of  conduftors,  forming  by  conta£^  a  right  line,  will  produce  the  contrary 
ftate  in  the  nearer  condudors,  and  the  fame  ftate  in  thofe  which  are  more  remote.  Or, 
upon  the  hypothefis  of  a  fingle  fluid,  the  eleflricity  of  the  body  prefented  will  repel  that 
of  the  compound  conduftor ;  fo  that  by  feparating  them  before  the  influence  is  removed^ 
and  afterwards  examining  them,  the  refpcdlive  ftates  of  the  feveral  ponions  of  the  whole 
line  may  be  afcertained. 

It  was  a  conclufion  obvioufly  enough  deducible  from  this  experiment,  that  If  two  elec- 
trometers of  Bennet  were  connedled  by  a  metallic  bar,  there  ought  to  be  a  difference 
when  an  cleftrified  body  is  prefented  at  either  extremity,  or  at  the  middle  of  the  bar.  I 
iDade  this  experiment  with  a  brafs  bar  eighteen  inches  long.  Both  eledlrometers  were 
affedled  at  the  fame  inftant.  Their  divergence  was  equal,  and  the  effedl:  was  the  fame^ 
whether  the  glafs  or  fealing-wax  was  prefented  at  either  end  or  at  the  middle  of  the  bar. 
This  refult  feems  to  indicate  a  difference  in  the  mode  of  afticn  between  the  very  weak 
tleflricity  I  ufed  and  the  much  ftronger  of  Hoadley  and  Wilfon. 

Thea£tion  of  pointed  bodies  and  of  flame  likewifc  exhibits  a  remarkable  difference 
between  the  ftrong  and  the  weak  eledlricities.  The  prime  conductor  of  an  eleftricaL 
Biachine  is  very  fuddenly  deprived  of  the  grcatcft  part  of  its  eleftricity  by  die  operation 
ef  a  metallic  point  \  but  does  not  feem  to  be  much  affected  by  the  vicinity  of  burning 

€andlea<. 
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"SiiidlcB.  On  the  contrary,  ihc  elcCtromcter  of  Bcnnet  will  Ccarcely  communicate  the 
lead  portion  of  il5  e!c£tricir/  to  a  point  not  abfolutely  in  conu£i  witli  its  cap  j  bat  i» 
readily  deprived  of  its  cicflric  ftate  by  a  candle. 

Coulomb,  by  his  metliod  of  torfion,  has  determined  that  the  a£lion  of  weak  eleflri- 
citiesdiminiilies  as  tlie  fquare  of  the  diauncc.  I  do  not  know  that  nny  csperiraents  hav« 
been  made  to  dcternnne  the  ratio  of  the  rcpulfion  or  attraftion  of  botiie&by  cleflricilf, 
with  regard  to  the  dillancc,  when  the  inienfities  arc  coriOderable. 

To  examine  this  objciit  I  caufcd  a  brafs  conduftor  to  be  made,  four  inclies  in  dia- 
meter, wilh  a  fphciical  part  at  each  end,  of  five  inches  diameter  ;  and,  on  the  wholc^ 
twenty  inthes  long.  It  was  fixed  with  its  axis  in  the  vcriieal  poiiiion.  In  the 
upper  fpherical  part  tlicre  was  a  ftage  fupporting  a  pulley,  the  axis  of  which  ran  upon 
two  pair  of  very  delicate  friction  wheels.  The  lower  fphetical  part  was  perforated  in  the 
axis,  to  receive  the  (Icm  of  a  very  light  fpherc  of  paper  gilt,  and  of  the  diameter  of 
five  inches.  Care  was  t^ken  that  this  flem,  whieh  was  nearly  the  whole  length  of 
tlie  condu£lor  from  the  fii£iion  whee's  to  the  Jower  orifice,  lliould  not  touch  that  orifice  j 
and  for  greater  fecurity  there  was  a  finall  frame  carrying  three  fri^tioii  rollers,  againft 
one  of  which  it  was  fure  to  bear  in  cafe  of  accidental  irregularity.  The  upper  part  of  the 
ftcm  was  fallened  to  a  fine  (ilken  thread  which  paiTed  over  the  pulley,  and  was  tied  to  a 
conntcrpoife  adapted  by  lis  figure  to  receive  fmall  weights,  in  order  that  ihc  cqiiilibtiiiin 
or  preponderance  might  be  adjufted  at  pleafure.  On  the  axis  of  the  pulley  was  an  indcr 
and  hand,  which  moved  upon  a  face  without  touching,  beneath  a  convex  glafs,  and 
(hewed  the  defcent  of  the  gilded  ball  in  inches  and  parts.  I  expefled  to  liavc  obtained  a. 
confidcrable  fcale  on  my  ftem  of  twelve  inches.  But  in  the  trials  I  made  when  it  was 
finiflied,  in  which  the  afcending  power  of  the  ball  could  be  varied  at  pleafure  by  addition 
to  the  counierpoife,  I  found  either  that  it  did  not  move  at  all,  or  that,  if  it  did,  it  ran 
with  confiderable  velocity  through  its  whole  length.  This  unexpedled  event,  together 
with  fome  other  impcrfcdions  in  the  inltrument  iifcif,  which  required  amendment  and 
alteration,  prercnted  me  from  purfuing  and  divcrfifying  a  courfe  of  experiment  that  pro- 
mifed  fo  little.  The  facls  appear  however  to  fliew,  that  in  great  intenfitics  and  fliort 
diftances,  the  diminution  of  elTcft,  if  it  follow  ilic  law  of  the  fquates  of  the  ditl.-mccs,  is, 
like  the  attradion  of  the  earth  upon  projefliles,  too  fmall  to  be  perceived,  llut  from  the 
indications  afforded  by  Henley's  quadrant  clctlrometer,  and  the  floating  eleiflrometcr  of 
NoUct,  there  appear  to  be  reafons  why  the  purfuit  fhouid  not  be  thought  unworthy  of  fur- 
ther experiment. 
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Anal^s  if  the  Red  Lead  of  Siberia  \  luhh  Experimenit  on  ike  Ne^u  Mettil  it  esntnins.  Bj 
Citizen  VaU^-£LIN,  Infpeclor  ef  ItHius,  and  Confervaior  of  Chemical  Products  at  the 
lilinirtikgieal  Sebeal. 

(ConcluJed  ftt-m  paecj-ij.  VoL  II.) 

Combinationt  of  the  Acid  if  Red  Lead  with  iie  jitkalii. 

J.  HE  acid  of  red  lead  forms,  in  its  combination  with  the  alkalis,  falts  which  a le 
foluWc,  cryliallifable,  and  cobured.    The  Cmplell  procefs  for  making  thefc  falts  confilts, 
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in  boilinfir  upon  one  part  of  red  lead  reduced  into  fine  powder,  two  parts  of  carbonate  of 
alkali  with  forty  parts  of  water.  By  this  means  a  double  affinity  is  made  to  operate, 
by  virtue  of  which  carbonate  of  lead  is  formed,  and  falls  to  the  bottom,  while  a  combina- 
tion of  the  acid  of  red  lead  with  the  alkali  made  ufc  of  remains  fufpended  in  the  water, 
by  virtue  of  its  ibiubility.  '         • 

1  he  proportion  of  alkaline  carbonate  proper  to  be  nfed  for  the  decompofition  of  the 
native  red  lead  mud  vary  according  to  the  proportions  which  fubfift  between  the  bafes, 
the  acids,  and  the  wafer  of  cryiUllization.  The  proportions  dated  in  the  laft  paragraph 
«re  fuited  to  the  carbonate  of  pot-afli ;  but  the  proper  quantities  in  the  other  cafes  arc 
cafily  afcertained,  by  uGng  a  fniall  quantity  of  the  carbonate  at  firft,  and  afterwards 
gradually  increaGng  it,  till  the  grearcft  part  of  the  red  lead  is  decompofed.  On  tlic 
whole,  it  lu  better  to  ufe  a  fijialler  than  too  large  a  portion  of  the  carbonate,  in  order 
that  its  bafe  may  be  more  completely  faturated  with  the  acid  of  the  red  lead. 

There  is  no  reafon  to  fear  a  fimilar  inconvenience  with  the  carbonate  of  ammoniac.  It 
16  proper,  on  the  contrary,  to  add  more  than  is  fufficient  to  faturate  the  acid  of  the  red 
lead  ;  becaufe  a  portion  of  this  fait  will  always  be  driven  off  during  the  ebullition  which 
is  indifpcnfably  n^ccffary  to  produce  the  intended  decompofition.  And  even  in  cafe  there 
ihould  remain  an  cxccfs  after  the  complete  decompofition  of  the  red  lead,  there  would 
be  no  danger,  becaufe  this  excefs  of  alkali  is  driven  off  by  the  evaporation  of  the  fait 
newly  formed,  and  there  is  always  a  certainty  of  obtaining  the  combination  perfedllr 
pure. 

The  colour  of  the  combinations  of  the  acid  of  red  lead  with  the  alkalis  is  an  orange 
yellow  *.  Their  folutions  afibrd  cryftals  nearly  of  the  fame  tinge,  the  differences  being 
only  flight  variations  of  fhade.  Thefe  falts  are  decompofed  by  barytes,  lime  and  ftron- 
dan.    The  mineral  acids  likewife  decompofe  them  by  an  inverfe  operation. 

Thefe  falts  afibrd  oxygen  gas  by  the  aAion  of  heat,  and  their  refidue  has  the  appear* 
amce  of  a  green  mafs.  The  ammoniacal  compoui:id  mud  however  be  excepted,  as  its  bafe 
is  partly  decompofed  by  the  oxygen  of  the  acid,  and  leaves  in  the  retort  a  pure  greea 
oxide,  the  undecompofed  portion  of  ammoniac  being  alfo  driven  off  by  the  heat. 

Thefe  falts  decompofe  by  double  affinity  the  calcareous,  barytic,  magnefian,  aluminous 
falts,  &c.  Mod  of  the  metallic  falts  are  likewife  decompofed  by  theljp  fubftances,  and 
afford  new  combinations  fcarcely  or  not  at  all  foluble  in  water  ;  and  for  the  moft  part 
red,  yellow,  orange,  or  lemon  colour. 

I  have  not  hitherto  been  able  to  determine  the  figure  of  thefe  falts  with  accuracy,  nor 
their  degree  of  folubility  in  water,  for  the  reafons  I  have  already  explained ;  neither  have 
I  made  all  the  combinations  of  this  acid  with  the  metallic  oxides,  nor  determined  its  mo^e 
of  a£tion  on  the  metals.  Such  experiments  would  no  doubt  have  afforded  interefting 
phenomena  for  the  completion  of  the  hiftory  of  thi^  metallic  acid. 

But  I  indulge  the  hope  that  thefe  experiments  are  only  retarded,  and  that  fome  fortunate 
opportunity  will  hereafter  enable  us  to  perform  them  :  and,  at  all  events,  the  experiments 
already  made  will  be  fufficient  to  afcertain  the  prefence  of  the  acid  of  red  lead  wherever 
it  may  be  met  with,  and  diftinguifh  it  from  every  other  natural  fubftance. 

♦  That  of  the  ammoniacal  fait,  which  has  the  form  of  plated  cryftals,  is  yellow,  and  exhibits  the  metallic 
lirilliancy  of  gold.    V« 
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SECTION    VII. 

ReduBion  of  the  Add  of  Red  Lead  to  the  Metallic  State. 

THOUGH  the  properties  of  the  acid  of  red  lead,  defcribed  in  the  foregoing  paragraphs^ 
are  in  ftridnefs  fufficient  to  convince  thofe  who  are  in  the  habit  of  treating  metallic  fub- 
ftances,  that  this  fubftance  belongs  to  the  fame  clafs,  it  is  ncverthelefs  defirable,  in  order,  as 
it  were,  to  add  the  ftamp  of  evidence  to  the  proofs  of  demonftration,  that  this  acid  (hould 
be  reduced  to  the  metallic  flate. 

To  obtain  this  objcft  I  took  72  parts  of  the  acid  in  queftion,  e>ctra£led  from  the  red  lead 
by  the  muriatic  acid,  as  defcribed  in  our  fourth  feftion,  which  I  introduced  into  a  crucible 
of  charcoal  placed  in  another  of  hard  porcelain  likewife  filled  with  charcoal  powder. 

This  apparatus,  placed  in  a  forge  furnace,  was  expofed  for  an  hour  to  the  a£lion  of  a 
very  f^rong  fire  urged  by  the  blaft  of  a  (Irong  pair  of  bellows  with  three  pipes. 

When  the  crucible  was  cooled  and  broken,  I  found,  to  my  great  fatisfaftion,  in  the  fmall 
veflel  of  charcoal,  a  metallic  mafs  of  a  white  grey  colour,  (hining,  very  brittle,  and  upon 
the  furface  of  which  were  many  feathered  cryftals  of  the  fame  colour  pcrfedlly  meeallic. 
This  metallic  mafs  weighed  forty-three  parts. 

It  appears,  from  the  refult  of  this  operation,  that  the  oxygen  does  not  adhere  with  very 
great  force  to  this  metallic  bafe,  and  that  the  acid  contains  about  0^0  of  its  weight  of  this 
acidifying  principle. 

SECTION  VIII. 

Properties  of  the  Metal  of  Red  Lead. 

THIS  metal,  as  I  have  already  remarked,  is  of  a  white  colour  Inclining  to  grey  r  it  is  very 
brittle,  and  cryftallifes  in  an  elevated  temperature  into  a  kind  of  feathered  filaments,  which 
life  above  the  metallic  mafs. 

The  metallic  button  being  broken,  prefented  internally  compadl  points  forming  a  elofe 
grain,  and  in  other  parts  needles  eroding  each  other  in  all  dire£lions,  leaving  void  fpaces 
between  them,  which  prevented  me  from  determining  its  fpeciiic  gravity. 

A  fragment  of  this  metal  expofed  to  the  heat  of  the  blow-pipc  acquired  a  tarniih  on  its; 
furface,  and  by  continuing  the  operation  it  was  covered  with  a  light  green  cruft  j  but  it  af- 
forded no  (ign  of  fufion.  • 

When  heated  by  the  fame  apparatus  with  borax  it  did  not  melt,  but  was  \n  a  fmall  de- 
gree diminiOied,  and  communicated  an  emerald-green  colour  to  the  fait. 

When  reduced  to  a  fine  powder,  and  treated  with  the  concentrated  boiling  nitric  acid, 
it  was  oxided  with  much  difficulty,  and  communicated  to  the  acid  a  green  tinge  flightly 
inclining  to  blue.  The  nitric  acid  attacks  this  metal  with  fo  much  difficulty,  that  it  wa»> 
not  till  after  treating  it  repeatedly  with  confiderable  quantities  of  that  folvent  that  I  could 
fucceed  in  diffoWing  fix  grains. 

The  different  folutions  being  added  together  were  evaporated  to  drynefs.  Towards  the 
end  of  the  operation  the  refidue  alTumed  the  form  and  the  duGility  of  a  vegetable  extract 
of  a  red  brown  colour.  Cauftic  potafh  poured  on  this  refidue  dilTolved  a  great  part,  and 
aflumed  a  lemon-yellow  colour }  but  part  remained  of  a  very  beautiful  green,  which  was 
not  adled  upon  by  that  re-agent  v  it  was  a  portion  of  the  metal  which  had  not  seceivedi 
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from  the  nitric  acid  the  whole  quantity  of  oxygen  neceflary  for  its  acidification.  It  \ras 
ftiil  in  the  (late  of  oxide. 

I  treated  it  again  with  the  concentrated  nitric  acid  -,  and  by  a  feries  of  operations  of  this 
nature  I  at  length  fucceeded  in  completely  acidifying  it« 

The  combination  of  this  artificial  acid  with  potafh  exhibited  abfolutely  the  fame  appear- 
ances wiih  the  difiercnt  re- agents  as  the  fait  which  is  formed  with  the  natural  aicid.    See 

Sedion  II. 

SECTION   IX. 

Demmlnaihn  of  the  Metal  contained  in  the  native  Red  Lead. 

WHEN  an  unknown  fubftance  is  to  be  examined,  the  only  method  to  afcertain  whether 
it  has  been  before  dcfcribed,  is  to  examine  its  properties,  and  compare  them  with  thofe  of 
other  bodies  \  an  operation  which  fuppofes  a  knowledge  of  all  that  has  been  before  de- 
ficribcd  in  natural  hiftory.  And  when,  after  an  accurate  comparifon  of  the  properties  of  the 
body  under  examination  with  thofe  of  other  bodies,  it  is  found  that  none  of  thefe  laft  exhi- 
bit the  whole  of  thofe  properties,  a  fair  conclufion  may  be  formed  that  the  body  is  un-^ 
known,  and  coiifequently  that  it  is  new. 

After  this  point  is  determined,  it  becomes  neceflary,  in  order  to  make  it  known  to  others 
that  its  diftinAive  charaAers  (hould  be  clearly  afcertained,  and  a  name  given  to  it,  for  the 
purpofe  of  brief  defignation,  and  of  infcription  in  the  catalogue  of  human  knowledge. 

This  name  may  be  derived  from  various  fources ; — the  place  whence  it  was  obtained 
the  author  who  difcovered  it,  or  the  fpecific  properties  it  pofleflTes,  &c. :  but  it  is  eafy  to 
fee  that  the  two  firft  fources  are  vicious.  In  fa£l,  the  name  of  the  place  leems  to  announce 
that  the  fubftance  is  to  be  found  erdufively  there  ;  and  it  is  very  far  from  being  known, 
at  the  early  period  of  difcovery,  whether  it  may  not  he  found  elfewhere.  The  name  of  the 
author  teaches  nothing,  except  that  fuch  a  man  was  the  difcoverer ;  a  circumflance  of  lit- 
tie  intereft  to  fcience.  But  the  name  of  a  fubftance  deduced  from  its  leading  properties  is 
truly  ufeful,  becaufe  it  brings  to  mind,  and  in  fome  meafure  places  the  objed  before  the 
eyes  by  a  faithful  fketch  of  its  attributes. 

From  thefe  confiderations  I  have  thought  fit  to  adopt  the  name  chrome^  which  was  pro* 
pofed  to  me  by  Cit.  Haiiy,  to  defignacc  the  new  metal  found  in  the  native  red  lead.  In 
truth,  this  name  does  not  perfe£lly  agree  with  the  complete  metal,  becaufe  it  has  no  very 
diitinA  colour;  and  becaufe,  even  if  it  had  one,  this  would  not  be  a  fufilciept  reafon,  fince 
every  metal  has  a  more  or  lefs  peculiar  colour. 

But  it  agrees  wonderfully  well  with  its  combinations  with  oxygen,  which- afford  a  green 
oxide,  or  a  red  acid,  according  to  the  proportions  of  that  principle,  and  becaufe  each  of  Its 
primary  combinations  communicates  its  colour  to  all  the  fecondafy  combinations  into  which 
it  enters ;  properties  which  belor^g  to  it  almoft  exclufively. 

This  name  appears  to  me  to  be  fo  much  the  better  founded,  as  this  fubftance  has  not 
yet  been  difcovered  except  in  the  ftate  of  acid  or  oxide,  and  becaufe  it  may  perhaps  never 
be  found  in  the  native  metallic  (late. 

Neverthelefs,  as  I  am  not  difpofed  to  confuler  the  adoption  of  one  name  rather  than  an- 
other as  of  any  importance,  provided  the  name  do  exprefs  fome  remarkable  or  diftinc^ivc 
property  of  that  which  it  denotes,  I  fliall  with  plcafure,  if  a  better  name  be  found,  confent 
te  fubftitute  it  inftead  of  chrome. 
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SECTION  X. 
if/ti  a/Chrme,  of  lie  Oxide  ofChromt,  and  oftht  Chromic  Acid, 
E  brittlenefs  of  chrome,  its  refinance  to  the  a^ion  of  6re,  and  the  fmaH  mzSes  in 
tl'hich  it  his  hitherto  been  founJ,  afford  little  cxpei^atioii  that  this  metal  will  ever  he  of 
^reai  life  in  the  aru.  But  thit  afTcition  may  be  too  Itrong  \  for  a  new  fuhfiance,  of  which 
the  properties  at  6rll  appear  to  be  of  frnall  iutcreft  to  focietj",  is  foniciinics  found,  in  the 
fubfcqucnt  proccflea  of  Iitvcdig.ition,  to  be  capable  of  yery  unportant  applications  in  the 
«tts  and  fciences. 

The  acid  and  the  oxide  of  this  metal  arc  certainly  not  fubje£l  to  the  fame  obferTation. 
^  he  former,  by  the  beautiful  cmc raid-green  which  it  communicates  even  lo  enamels,  with- 
tfttt  being  fubjed  to  alteration  in  the  purity  of  its  ftiadc,  will  afford  to  painters  aud  cnamcl- 
lers  an  additional  object  to  enrich  their  produflions,  and  add  to  the  perfcdlion  of  tJieir  art : 
the  fecond,  by  the  beautiful  cinnabar  red  which  it  affomes  and  keeps  in  its  combination 
Vith  mercury  ;  the  orange-red  colour  it  aFords  with  lead ;  ihc  carmdite  red  it  commuui- 
Oter.  to  filver,  may  become  higldy  valuable  for  paintings  in  oil  and  water-colours. 

Chemiflry  will  be  greatly  benefited  by  this  excellent  re-agent  to  dctefl  the  fmalleft 
quantities  of  mercury,  filTcr,  and  lead,  dilTolved  in  acids  by  tJie  diiTercnt  colours  it  pro- 
duces when  its  adlion  is  afTiftcd  by  an  alkali.  And,  in  the  fame  manner  as  this  acid  indi- 
cates the  prefcnce  of  the  metals  here  fpoVen  of,  thofc  metals  in  their  turn  may  fcrve  to  dif- 
Covcr  the  chromic  acid,  if  it  be  previouQy  put  into  the  neccilary  condition  to  produce  the 
l>eforemcniioned  effecls. 

If  the  chromic  acid  lliould  hereafter  be  abundantly  found  in  any  other  combination  bo- 
Cdea  that  of  lead,  ifmight,  after  extra£tion  by  carbonate  of  potafli,  be  ufed  for  the  anificiat 
eompoHtion  of  red  lead,  and  fumifh,  in  abundance,  this  valuable  orange -red  colour  for 
painters'  ufc,  which  is  fold  very  dear  in  Siberia,  and  applied  to  this  purpofc  with  great  fuc- 
ceft.  For  this  objei£l  the  native  red  lead,  which  is  dilfeminatcd  in  fmall  cryflals,  or  platea^ 
in  the  fifTures  of  quartrofc  or  gritflenc  gangues,  in  which  it  is  commonly  found,  might  be 
pulveiizcd,  then  boiJcd  with  a  folution  of  carbonate  of  potafh,  and  niivcd  with  nitrate  of 
lead  ;  the  acid  of  which  will  faturate  the  potafh,  and  alFord  its  metal  to  the  new  acid,  which 
will  thus  produce  a  colour  no  Icfs  beautiful  than  the  natural,  and  pcrfeflly  clear  of  the 
matrix. 

Tlierc  is  reafon  to  prefumc  that  chrome,  either  in  the  Hate  of  oxide  or  of  acid,  will  bi 
found  fingly  or  engaged  in  feme  other  combinations.  For  the  analyfis  of  the  emerald  of 
-Tcru  has  already  fhewn  me  that  its  colouring  part  is  afforded  by  the  oxide  of  this  metal ;  % 
f  ircumftance  which  gives  the  mod  agreeable  proof  of  the  goodncfs  and  fixity  of  this  colour^ 
as  it  is  known  that  tlie  emerald  can  fullain  the  moft  violent  degree  of  heat  without  lofing 
its  colour. 

1  have  likewife  found  that  the  yellowifh  green  tufted  cryflals,  which  often  accompany  the 
red  lead  ore  of  Siberia,  arc  formed  of  chrome  and  lead,  both  united,  ift  the  ftatc  of  oxide* 
Green  cryflals  pofTeiTing  the  fame  form,  the  fame  dimenfions,  and  the  fame  (ituations  on 
the  .matrix  as  thofe  of  red  lead,  but  wluch  arc  a  combination  of  the  oxides  of  chrome  and 
of  lead,  Are  likewife  found  in  certain  fpecimens  of  tlic  native  red  lead.  It  is  probable  that 
thcfe  combinations  originally  exifled  in  the  flate  of  chromate  of  lead,  and  that  In  procefs 
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of  timea  portion  of  oxygen  having  been  carried  ofF  by  unknown  ciufeJ,  conrcKccI  them  t# 
the  ftate  of  oxide,  and  changed  ihc  red  colour  to  green. 

From  paragraph  III.  it  follows  that  the  Siberian  red  lead  contains 


0^ide  of  lead 
Chromic  acid 
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E-.peTimois  to  ditfrHihit  the  Denfity  of  tht  Earth.     By  HeNRY  CaFZNSISH,  Efq. 
F.R.S.  andA.S* 
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I A  NT  years  ago  the  Rev.  John  Michell,  F.  R.  S.  contrived  a  metliod  of  dciermiiiing 
the  ilenGtf  of  the  earth,  by  rendering  fenfiblc  the  attra£tion  of  fmall  (juantiucs  of  mat- 
ter 1  but,  as  he  was  engaged  in  other  purfuits,  he  did  not  complete  the  apparalus  till  a 
fliort  time  before  his  death,  and  did  not  live  to  make  any  experiments  with  it.  After  bis 
death  the  apparatus  came  to  the  Rev.  Francis  John  Hyde  Wollafton,  Jackfonian  profeflbr 
at  Cambridge,  who,  not  having  conveniences  for  making  experiments  with  it  in  tlic  maa- 
ncr  be  could  wiQi,  prefentcd  it  to  Mr.  Cavendifh. 

The  apparatus  is  very  fimple :  it  conliCts  of  a  wooden  arm  fii  feet  long,  made  fo  as  to 
unite  great  fircngth  with  little  weight.  This  arm  is  fufpended  in  an  horizontal  pofiiion  bjT 
u  (lender  wire  foiiy  inches  long,  and  to  each  extremity  is  hung  a  leaden  ball  about  two 
inches  in  diameter;  and  the  whole  is  inclofed  in  a  narrow  wooden  cafe,  to  defend  it  from" 
the  wind. 

As  no  more  force  Is  required  to  make  this  arm  turn  round  on  its  ctntre  than  16  neceflary 
to  twill  the  fufpending  wire,  it  is  plain  that,  if  the  wire  is  fufiicicntly  lleuder,  the  mod  mi- 
nute force,  fuch  as  the  attraQion  of  a  leaden  weight  a  few  inches  in  diameter,  will  be 
fufficicnt  to  draw  the  arm  fenfibly  afide.  The  wctglus  which  Mr.  Michell  intended  to 
ufe  were  eight  inches  diameter.  One  of  thefc  was  to  be  placed  on  one  fide  of  the  cafc^ 
»ppofue  to  one  of  the  balls,  and  ag  near  it  as  could  conveniently  be  done,  and  the  other  OD' 
the  Other  fide,  oppofiic  to  the  other  bail,  fo  that  the  atiraflion  of  both  thefe  weights  would 
eonfpire  in  drawing  the  arm  afide  ;  and  when  its  pornion,  as  affected  by  thefe  wcij^hta,  wa» 
iifceitained,  the  weights  were  to  be  removed  to  the  other  fide  of  the  cafe,  fo  as  to  draw  the 
arm  the  contrary  way,  and  the  pofition  of  the  arm  was  to  be  again  determined  1  and  confc- 
^uently  half  the  difference  of  thefe  pofitiona  would  fliew  how  much  the  arm  was  diawa 
afide  by  the  attraction  of  the  weights. 

In  order  to  determine  from  hence  the  deafity  of  the  earth,  it  is  neccfTary  to  afccrtaia 
what  force  is  required  to  draw  the  arm  afide  throng  a  given  fpace.  This  Mr.  Michell 
intended  to  do  by  putting  the  arm  in  motion,  and  obferving  the  lime  of  its  vibrations,  from- 
which  it  may  becafily  computed')'. 

•  Abridgment  of  his  paper  ia  the  Philofophital  Tranfaflions,  1798,  p.  4*5. 

+  Mr.  Coulomb  has  in  a  variety  of  caresufed  a  contrivance  of  this  kind  for  u-ying  fmall  aRisAicBt;  but  Mr*. 
Michell  ioformcd  Mr.  C.  of  hit  intention  of  making  this  (xpctimtDI,  mA  of  tbc  method  he  inttndtd  to  ufc,  bt- 
fort  ilie  publitaiion  of  sr.y  of  Mr.  Coulomb's  cxpcrimentt. 
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Mr.'  MichcU  had  prepared  two  wooden  flands,  on  which  the  leaden  weights  were  to  be 
fupportcd  ami  pullicd  foryvards  till  they  came  aimoft  in  contaft  with  the  cafe  j  but  he  fcems 
to  hue  intended  to  move  them  by  hand. 

As  the  force  with  which  the  balls  arc  attrafled  by  iliefe  weights  is  eiccfllvely  ir.inutc,  not 
more  than  one  fifty-millionth  part  of  their  weight,  it  Is  plain  that  avery  minutcdifturbingfarcc 
will  be  fufficicnt  to  deflroy  the  fuccefs  of  ihe  experiment :  and  from  the  following  eipcri-  ■ 
ments  It  will  appear,  that  the  difturbing  force  moft  difficult  to  guard  againft  is  that  arifing 
from  the  variations  of  heat  and  cold  ;  for,  if  one  fide  ofthecafeis  warmer  than  the  other,  the 
air  in  conia^  with  it  will  be  rarefied,  and  in  confcquencc  will  afccnd,  while  that  on  the 
other  fide  will  defccnd,  and  produce  a  current  which  will  draw  the  arm  fcnfibly  afide  *. 

As  Mr.  Cavendiib  was  convinced  of  the  aecediiy  of  guarding  agalnlt  ihis  fourcc  of  cr. 
tor,  he  refolved  to  place  the  apparatus  in  a  room  which  fhould  remain  condamly  fhut,  and 
lo  obfen'e  the  motion  of  ihe  arm  from  without  by  means  of  a  lelefcope,  and  to  fufpend  the 
leaden  weights  in  fuch  a  manner  that  he  could  move  them  without  entering  into  the  room. 
This  difference  in  the  manner  of  obferving  rendered  it  ncccflary  to  make  fomc  alteration  in 
Mr.  Michell's  apparatus :  and  as  there  were  fomc  parts  of  it  which  Mr.  Cavendifli  thought 
not  fo  convenient  as  could  be  wilhed,  he  chofe  to  make  t!ic  greaieit  part  of  it  afrcfli. 

Plate  XIX.  is  a  longitudinal  vertical  feflion  through  the  inllrument,  and  the  building  itl 
■which  it  is  placed.  A  B  C  D  D  C  B  A  E  F  F  E  is  the  cafe,  x  and  x  are  two  balls  which 
«rc  fufpended  by  the  wires  i  .if  from  the  arm  g  h  rii  h,  which  is  itftlf  fofpendcd  by  the  (len- 
der wire  g  I.  This  arm  confifts  of  a  (lender  deal  rod  A  in  i,  ftrengihened  by  a  filvcr  wire 
Iigh;  by  which  means  it  is  made  ftrong  enough  to  fupport  the  balls,  though  very  light  f. 

The  cafe  is  fupported  and  fethorizontalby  four  fcrcws,  refting  on  pofls  fixed  firmly  into 
the  ground  :  two  of  them  are  rcprefcntcd  in  the  figure  by  S  and  S ;  die  two  others  are  not 
icprcfented,  lo  avoid  confufion.  G  G  and  G  G  are  tlic  end  walls  of  the  building.  W 
Knd  W  arc  the  leaden  weights  which  arc  fufpended  by  the  copper  rods  Rr  P/-R  and  the 
wooden  bar  r  r  from  the  centre  pin  P/>.  This  pin  paflcs  through  a  hole  in  the  beam  H  H, 
perpendicularly  over  the  centre  of  the  inftrument,  and  turns  round  init,  being  prevented 
from  falling  by  the  plate/.  M  M  is  a  pulley  faflened  to  this  pin,  and  Min  a  cord  wound 
round  the  pulley  and  paffing  through  the  end  wall,  by  which  the  obfcrvcr  may  turn  ic 
round,  and  thereby  move  the  weights  from  one  fituaiion  to  the  other.  When  the  weights 
«re  in  thepofition  reprefented  in  the  .engraving,  both  eonfpire,  by  their  aflion  on  ilie  fnaall 
Weights  iT.v,  to  draw  the  arm  in  the  fame  dircAion ;  but  when,  by  means  of  the  puUey 


•  Mr,  CalTini,  in  QbferTing  the  virinlion-eompjrs  placed  liy  him  la  ilieOi>rcr^atory  (which  was  eonKruflcd 
fo  »  tQ  [taktvtrjf  micutc  chungtsof  pofirion  vilible,  sud  ian-Iiich  ihc  orcJU  w»s  furjundcd  by  a  filk  cliread), 
found  chit  (landing  near  die  box,  in  order  to  obleivc,  drew  the  needle  fenlihly  afidi: ;  whkh  1  hive  no  doubt 
will  caufed  by  thii  current  of  air.  It  tnunbc  obfcived  that  hit  coiiipirs-boc  \v»  of  metdl,  which  iranrmiti  heil 
fiiiliT  tlian  u<Kii],and  Alfowat  tnany  inched  deep;  both  which  caufcifcrvcd  la  iticreafc  theciirrcnt  of  air.  To 
(iitninifti  the  tffcfl  of  iliii  turtent,  h  is  by  all  means  advifable  to  make  the  box  in  which  the  needle  plays  dk 
much  deeper  than  ii  nccdTnry  to  ptcrcntthc  needle  from  (Inking  agalnd  ihe  top  and  bcilom.     C. 

+  •  Mr.  Miehcll'i  rod  ivji  entirely  of  wood,  and  was  much  flronger  and  niflcr  th:in  ihis,  though  not  much 
Wavier ;  but  xt  it  bsi  wirped  uhen  it  came  to  Mr.  Cavendi(h,  he  chofe  lo  make  anaib-ir,  jnd  prtferred  ih>* 
/orin,  pailly  as  bcilif  ea(ier  lo  conHruft  and  meeting  with  left  refiSance  from-the  air,  and  partly  bccaufe.  fnm 
mbciDg_of  a  kfs  (Otnfiieatcd  form,  hecvutd  more  cafi'y  compute  hew  much  it  vrat  >lir<Oed  Iiy  ihe'vieights. 

3  M  2  MM, 


44^  m^crij^^an  JppaiMiufyani  , 

MM,  the  ptiktrtT  eaufes  tbem  to  more  through  a conRderable  portion  of  a  femicircTe^tliJI^ 
.'Will  arrive  at  a  fccond  poGtion,  in  which  their  joint  a£tion  will  move  the  arm  in  the  con^ 
trary  direclion.    Thefe  weights  are  prevented  from  ftriking  the  inftrument  by  pieces  o£ 
*:wood  faftened  to  the  wall  of  the  building. 

The  fituation  of  the  arm  is  determined  by  flips  of  ivory  placed  within  the  cafe  near  eacb 
extremity  of  the  arm.  Thefe  flips  bear  a  fct  of  divifions  of  the  inch  into  twenty  parts,  to 
tt^hich  a  fmall  flip  at  each  end  of  the  arm  applies,  without  contact,  a  vernier  that  affords  ^ 
fubdivifion  itlto  hundredth  parts.  Eftimation  by  the  eye  looking  through  the  (hort  telefcopef 
T  and  T,  gives  the  pofition  of  the  arm  to  ftlll  greater  nicety.  The  lamps  L  and  L  thr6\.Y 
light  on  the  divifions  by  convex  glaflTes,  and  no  other  light  is  admitted  into  the  room. 

'  F  K  is  a  wooden  rod,  which,  by  means  of  an  endlefs  fcrew,  turns  round  the  fupport  t# 
which  the  wire  ^  /  is  faftened,  and  thereby  enables  the  obferver  to  turn  round  the  wire  till 
the  arm  fettles  in  the  middle  of  the  cafe  without  danger  of  touching  either  fide.  The  wirt 
£  /  is  faftened  to  its  fupport  at  top,  and  to  the  centre  of  the  arm  at  bottom,  by  brafs  clips,  ia 
•  which  it  is  pinched  by  fcrews.  .  The  different  parts  are  drawn  nearly  in  the  proper  proper^ 
Hon  to  each  other. 

Suppofe  the  arm  to  be  at  reft  and  its  pofition  to  be  obferved,  let  the  weights^  Be  dies 
moved  ;  the  arm  will  not  only  be  drawn  afide  thereby,  but  it  will  be  made  to  vibrate,  and 
its  vibrations  will  continue  a  great  while  ;  fo  that,  in  order  to  determine  how  much  the  amt 
is  drawn  afide,  it  is  neceffary  to  obferve  the  extreme  points  of  the  vibrations,  and  from 
thence  to  determine  the  point  which  it  would  reft  at  if  its  motion  were  deftroyed,  or  tha 
point  of  reft.  To  do  this,  Mr.  Cavendifli  obferves  three  fucceOive  extreme  points  of  vibra* 
tion,  and  takes  the  mean  between  the  firft  and  third  of  thefe  points  as  the  extreme  poini 
of  vibration  in  one  dire£lion,  and  then  affumes  the  mean  between  this  and  the  fecond  ex* 
treme  as  the  point  of  reft ;  for,  as  the  vibrations  are  continually  diminifliiqg,  it  is  evideni 
tliat  the  mean  between  two  extreme  points  will  not  give  the  true  point  of  reft. 

It  may,  he  adds,  be  thought  more  exaft  to  obferve  many  extreme  points  of  vibration^ 
fo  as  to  find  the  point  of  reft  by  different  fets  of  three  extremes,  and  to  take  the  mean  re- 
fult;  but  it  muft  be  obferved,  that,  notwithftanding  the  pains  taken  to  prevent  «ny  dif- 
turbing  force,  the  arm  will  feldom  remain  perfeflly  at  reft  for  an  hour  together ;  for  which 
reafou  it  is  beft  to  determine  the  point  of  reft  from  obfervations  made  as  foon  after  the  mo- 
tion of  the  weights  as  poffible. 

The  next  thing  to  be  determined  is  the  time  of  vibration,  which  he  finds  in  this  man- 
Hcr :  He  obferves  the  two  extreme  points  of  a  vibration,  and  alfo  the  times  at  which  the 
arm  arrives  at  two  given  divifions  between  thefe  extremes,  taking  care,  as  wel^as  he  can 
jf^uefs,  that  thefe  divifions  fliallbc  on  different  fides  of  the  middle  point,  and  not  very  far 
from  it.  He  then  completes  the  middle  point  of  the  vibration,  and  by  proportion  finds  the 
time  at  which  the  arm  comes  to  this  middle  point.  He  then,  after  ^  number  of  vibrations^ 
repeats  this  operation,  and  divides  the  interval  of  time  between  the  coming  of  the  arm  to 
thefe  two  middle  points  by  the  number  of  vibrations,  which  gives  the  time  of  one  vibra* 
tion.     The  propriety  of  this  method  is  more  fully  explained  in  the  Memoir  itfelf. 

In  Mr.  Cavendifti's  firft  experiments  the  wire  by  which  the  arm  was  fufpended  was  39^ 
inches  long.  It  was  of  copper  filvered,  one  foot  of  which  weighed  2VT,tlis  grains ;  and  its 
tiflaicfo  was  fuch  a9  to  make  the  arm  perform  one  vibration  in  about  15  minutes.    It  wai 
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'Tfmmediatcly  found  that  it  was  not  rtilT enough,  as  the  aftraflion  of  the  weights  Jrew  the  balta 
To  much  afidc  as  to  make  them  touch  the  fide?  of  the  cafe.  It  was  thought  proper,  how- 
erer,  to  make  fomc  experiments  before  a  (lifTer  wire  was  fubilituted  hi  its  place. 

Ill  this  trial  the  rods  by  which  the  leaden  weights  were  fufpeiidcd  were  of  iron,  the  pro- 
6ahility  of  magnetifm  in  which  feemcd  to  be  of  no  coiifcqucnce,  as  the  arm  contained  no- 
thing inagneticnl.'  Some  trials  however,  for  greater  fecurity,  were  marie  with  the  rods 
nlonc.  The  effcil  was  fuch  as  might  juftify  a  very  flight  fufpicion  of  magnetifm;  for  which 
reafon  ihe  rods  were  changed  for  oihers  of  copper.  When  the  weights  were  hung  on,  the 
ftltra£tion  "on  the  ball  was  very  ftnfible,  as  it  carried  ihc  latter  through  fifteen  diviCons,  or 
\\  inch }  and  the  regularity  of  the  rcfults  was  fuch,  that  the  extremes  did  not  diiFer  from 
each  other  more  than  one-tenth  part.  It  was  foiind  that  the  cffcfl  of  the  attraction  feezed 
to  incrcafc  for  half  an  hour  or  an  hour  after  ihi:  motion  of  the  weights ;  an  cffecl  which 
might  he  fuppofcd  to  arife  from  a  want  of  clafticity,  either  in  the  fufpended  wire  or  fomc- 
thnig  it  was  faftened  to,  wliich  might  make  it  yield  more  to  a  given  preffure,  after  a  long 
continuance  of  that  preiTurc,  than  it  did  at  Grit.  This  fufpicion  was  put  to  ihe  trial  by 
keeping  ihe  wire  for  nvo  or  three  hours  in  a  (late  of  torfion  amounting  to  fifteen  divifions, 
and  then  returning  it  by  means  of  the  handle  K  to  its  oiiginal  fituation.  It  was  not  found 
by  two  repetiiions  of  the  experiment  that  the  wire  had  acquired  any  fct  or  permanent  twift. 
The  arm  was  then  fufpended  by  a  flilFer  wire,  with  which  the  apparatus,  inltcad  of  perform- 
ing its  vibration  in  about  fifteen  minutes,  employed  only  feven-  The  motion  of  the  &rm 
was  in  this  cafe  not  quite  fix  divifions  between  the  two  oppofitc  pofitions  of  the  weights,  or 
the  deviation  from  the  natural  ftation  of  the  arm  was  half  that  quantity. 

A  variation  of  the  power  of  the  weights  upon  the  balls,  in  fome  refpcft  fimilar  to  that 
obferved  with  the  fniall  wire,  was  alfo  found  to  take  place  in  the  prefent  experiments.  It 
happened  that  the  cafe  in  which  the  arm  was  enclofed  was  placed  nearly  parallel  to  the 
magneiic  eaft  and  weft  \  and  therefore,  if  there  was  any  thing  magnetic  in  the  balls  and 
veights.  the  balls  would  acquire  polarity  from  the  earth— and  the  weights  alfo,  after  re- 
maining for  fomc  time  in  cither  of  the  near  pofitions,  would  acquire  a  polarity  of  the  fame 
kind,  and  atlrsfl  the  balls  more  ftrongly  on  that  aecount ;  and  on  the  contrary,  when  re- 
moved to  the  oppofite  near  pofition,  if  the  magnetifm  continued  permanent  in  the  weights 
for  fufhcienl  time,  the  magnetic  power  would  operate  in  ih?  way  of  repuliion.  This  was 
in  faft  the  kind  of  efl^efl  pointed  nut  by  the  obfervalions.  The  accurate  habits  which  fo 
eminently  diftinguilh  all  the  experimental  procefles  of  Mr.  Cavendifli  did  net  hnwcver  per- 
mit him  to  reft  contented  with  the  induflion  to  which  thefc  fa^s  feemed  to  point.  He  al- 
tered liis  apparatus  fo  as  to  produce  at  pleasure  a  rotation  in  the  weights  upon  their  vertical 
axes,  without  opening  the  room  or  dilturbing  their  aclual  fituation.  By  this  contrivance  he 
bad  it  in  his  power  to  difpofe  the  imaginary  magnetic  poles  in  fuch  pofitions  as  were  bcft 
calculated  to  detect  their  operation.  The  arm  was  not  alTeflcdi  and  confcqucntly  it  fol- 
lows thai  the  irregularity  in  qucftion  did  not  arife  from  magnetifm.  This  conclufion  was 
Aill  more  firmly  cllablilhed  by  fubftituting  two  afiual  magnetic  bars  in  the  place  of  the 
weights }  for  it  was  not  obferved  that  any  ahcration  was  produced  by^  leverfing  the  pofitloii 
of  their  poles. 

The  next  ciicumflancc  that  fuggefled  itfelf  was,  that  the  eflfc^  might  be  owing  to  a  dif- 
feicace  of  temperature  berween  the  weights  and  the  cafe;,  for  it  ia  evident,  that  if  the 
*  wei^ts 
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■weights  -vctt  mucli  warmer  than  the  cafe,  they  would  warm  that  Gde  which  was  heit  fo 
them,  and  produce  anafcending  current  of  air,  which  would  be  accompanied^y  adcfcend- 
ing  current  towards  the  oppofite  fide,  and  two  horizontal  currents  near  the  top  and  bot- 
tom i  the  latter  of  which  would  impel  ihe  ball  towards  the  weight.  Though  it  feemcd 
fcarcely  probable  that  the  weights  Qiould  happen  to  be  warmer  than  the  cafe,  and  that  in 
A  fuGlcicnt  degree  to  afford  any  perceptible  confcqucnce,  our  author  neverthelefs  deter- 
mined to  fubmit  the  matter  to  examination.  He  therefore  placed  two  lamps  under  the 
weights  while  In  the  mid-way  poiition,  and  placed  a  thermometer  with  Its  ball  ctofe  to  the 
ftutfide  of  the  cafe,  near  that  part  which  one  of  the  weights  would  approach  when  brought 
into  the  pofition  to  exert  iis  attra»ftion  upon  the  ball.  The  door  of  the  room  was  then 
flmt,  and  fomctime  afterwards  the  weights  were  moved  to  this  laft-mtnliooed  polilion. 
At  firft  the  arm  was  drawn  aCde  only  in  its  ufual  manner  j  but  in  half  an  hour  the  cffc6t 
was  fo  much  incrcafcd  that  the  arm  was  drawn  fourteen  divifions  afide  inftead  of  about 
three,  as  it  would  othcrwifc  have  been  i  and  the  iheimometet  was  raifcd  near  14^  ^,  namely 
from  61"  to  bi'^  '.  On  opening  the  door,  the  weights  were  found  to  be  no  more  healed 
than  jud  to  prevent  their  feeling  cool  to  the  liand. 

From  the  great  effcfl  of  a  difference  of  temperature  it  became  defirable  to  afcertam  thr 
temperature  of  the  weight  iifelf,  and  of  the  air  near  the  cafe,  in  the  fubfequent  experiments. 
A  fraall-  thermometer  was  therefore  infetted  in  one  of  the  balls,  and  another  placed  clofe  to 
the  cafe.  A  number  of  experiments  were  then  made,  in  which  ih^  differences  of  tem- 
perature between  the  weights  and  the  external  atr  were  obferved ;  the  weights  being  lit 
fome  inllances  heated  by  a  lamp,  and  in  others  cooled  by  means  of  ice.  It  was  found 
that  a  higher  temperature  in  the  weight  occafioncd  a  greater  dc^■iatio^  or  apparent  attrac- 
tion of  the  ball ;  and,  on  the  contrary,  that  a  lower  temperature  caufed  the  ball  to  be 
driven  by  a  current  in  the  oppoiite  direflion. 

After  this  minute  and  fcientific  inveftigation  of  the  caufcs  which  are  capable  of  pro- 
ducing error  in  the  refuhs,  Mr.  Caveiidilh  proceeded  to  make  his  fundamental  experiments. 
Tlicfe  are  tabulated  at  length  in  the  memoir  iifelf,  and  followed  by  a  detail  of  the  method 
of  computing  the  denfity  of  the  earth.  The  firft  thing  to  be  done  is  to  determine  from 
the  time  of  3  vibration,  what  force  is  required  to  draw  the  arm  afide  ;  and  the  next,  to 
find  the  proportion  which^he  attraflton  of  the  weight  upon  the  ball  bears  to  that  of  the 
earth  upon  the  fame  ball,  fuppofing  the  ball  to  be  placed  In  the  middle  of  ihe  cafe  :  and  from 
thcfe  refults  (fince  the  diameter  and  fpecific  gravity  of  the  weights  and  balls  compared  with 
water,  and  the  diameter  of  the  earth,  are  alfo  known;  together  with  the  facts  that  the 
(juantities  of  matter  are  as  the  attraftivc  forces  at  like  diftances,  and  vary  in  the  invcrfc 
dopHcate  ratio  of  the  dittance)  the  mean  denGty  of  the  earth  iifelf  may  alfo  be  found. 
Several  corre£lions  requilite  to  be  made  in  this  denfity  are  then  Hated;  namely,  «n  ac- 
count of  the  refiftance  of  the  arm  to  motion,  the  aiiraflion  of  the  weights  on  the  arm, 
and  on  the  remote  ball ;  the  attra^ion  of  the  copper  rode,  and  of  the  cafe  itfclf ;  and  for 
the  alteration  of  the  attraction  of  the  weights  upon  the  balls  according  to  the  pofition  of 
the  arm  ;  which  lall  is  of  more  Ggniiieaticn  than  all  the  lell.  For  all  which  I  muf^,  for 
the  fake  of  brevity,  refer  to  the  Ttanfa^ions. 
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Experiment 

Mot.weigttt. 

Mot.  arm. 

Do.  corn 

rime  .ibr. 

Do.  corr. 

Denlltf. 

■■{ 

m  to  + 
+  torn 
mto  + 

I4.3» 

■4.1 

■5.87 

■3.42 
13.17 
14.69 

M.SS 



s.s 

5.61 
4,88 

+  10  m 
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5.07 

'•{ 
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I 
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^{ 
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2.9 
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'■{ 

—  to  + 
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5.9 
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3.  "3 
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9- 
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■ 
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12. 
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In  the  fecond  column  the  letter  m  denotes  the  middle  poCtion  of  the  weights  when 
each  is  cquidiftant  from  the  balls,  +  denotes  one  of  ihe  near  poiitions,  and  —  the  oppo- 
fite  near  pofition. 
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,  I  copy  Mr.  Carcndlfli's  concluding  remarks  in  his  own  words : 

•*  From  this  table  it  appears,  that  though  the  experiments  agree  prettjr  wcU  together, 
jcft  the  diiFercncJe  between  them  both  in  the  qiQntity  of  motion  of  the  arm  and  in  fhc  time 
of  vibration  is  greater  than  can  proceed  merely  from  the  error  of  obfervation.  A$ 
to  the  diflFerence  in  the  motion  of  the  arm,  it  may  very  well  be  accounted  for  from  the  cur- 
rent of  air  produced  by  the  difference  of  temperature  ;  but  whether  this  can  account  for 
the  difference  in  the  time  of  vibration  is  doubtful.  If  the  current  of  air  was  regular,  and  of 
the  fame  fwiftnefs  in  all  parts  of  the  vibration  of  the  ball,  I  think  it  could  not  \  but  as  there 
wiU  mod  likely  be  much  irregularity  in  the  current,  it  may  very  likely  be  fufficient  to  ac*- 
coilpt  for  the  difference. 

«  By  a  mean  of  the  experiments  made  with  the  wire  firft  ufed,  the  denfity  of  the  earth 
corses  out  5,48  times  greater  than  that  of  water;  and  by  a  mean  of  thofe  made  with  the 
lattpr  wire  it  comes  out  the  fame;  and  the  extreme  difference  of  the  refultsof  the  twenty^' 
three  obfervations  made  with  this  wire  is  only  ,75 ;  fo  that  the  extireme  refults  do  not  dif** 
fcr  from  the  mean  by  more  than  ,38,  or  ^^th  of  the  whole,  aftd  therefore  the  denfity  fliould 
fecm  to  be  determined  hereby  to  great  exafinefs.  It  indeed  may  be  obje£led,  that  as  the 
rqfult  appears  to  be  influenced  by  the  current  of  air  or  fome  other  caufe,  the  laws  of  which 
we  are  not  well  acquainted  With,  this  caufe  may  perhaps  a£t  always  or  commonly  ia  the 
Tame  direction,  and  thereby  tnake  a  condderable  error  in  the  refult.  ^But  yet,  as  the  ex« 
periments  were  tried  in  various  weathers  and  with  confiderable  variety  in  the  difference  of 
temperature  of  the  weights  and  air,  and  with  Ihe  arm  refting  at  different  diftances  from  \hm 
fidet  of  the  cafe,  it  feems  very  unlikely  that  this  caufe  (kould  a£t  fo  uniformly  in  the  (am« 
way  as  to  make  the  error  of  the  mean  refult  nearly  equal  to  the  difference  between  thia 
4nd  the  extreme ;  and  therefore  it  feems  very  unlikely  that  the  denfity  of  the  earth  (hould 
fliflfer  from  5,48  by  fo  much  ajs.-j^th  of  the  whole. 

^  Another  obje£lion  perhaps  may  be  made  to  thefe  experiments,  namely,  that  it  is  uncer* 
tain  whether  in  &efe  fimnr diftances  the  force  of  gravity  follows  exa£tly  the  fame  law  as  in 
greater  diftances.  Tliere  is  no  reafon  however  to  think  that  any  irregularity  of  this  kind 
takes  place  until  the  bodies  come  within  the  a£lion  of  what  is  called  the  aftraflion  of  co- 
hefion,  and  which  feems  to  extend  only  to  very  miniite  diftances.  With  a  view  to  fed 
whether  the  refult  could  be  affe£bed  by  this  attradion,.^  made  the  9th,  icth,  iith^  and  15th 
experiments,  in  which  the  balls  were  made  to  reft  as  clofe  to  the  fides  of  the  cafe  as  they 
coutd  \  but  there  is  no  difference  to  be  depended  on  between  the  refults  under  that  circum* 
ftance  and  when  the  balls  are  placed  in  any  other  part  of  the  cafe. 

"  According  to  the  experiments  made  by  Dr.  Malkclyne  on  the  attraftiqn  of  the  hill 
Schehallien,  the  denfity  of  the  earth  is  44:  times  that  of  water ;  which  differs  rather  more 
from  the  preceding  determination  than  I  ftiould  have  expefted.  But  1  forbear  entering  into 
any  confideration  of  which  determination  is  moft  to  be  depended  on,  till  I  have  examined 
more  carefully  how  much  the  preceding  determination  is  affe£tcd  by  irregularities  whplii 
ijuantity  I  cannot  meafure." 
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-    S£KjAM]N,  Caunt  of  Rumford,  F.R.S.  M.R.LJ. 
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(Ccjiuluilcil  from  pJgC405.) 


lAVING  been  To  fuccefsful  in  my  attempts  to  reduce  the  oxide  of  golj,  by  means  of 
charcoal,  in  the  mai/i  v/ny,  1  loW  no  lime  in  making  riinlhr  experiments  with  the  oxide  of 
filvcr. 

Exjit' imeiit  No.  1 1.  A  fofution  of  fine  filver,  in  (Irong  nitrous  acid,  was  evaporated  by 
dryncfs,  and  the  rcfiduum  re-diflblvcd  in  dillilled  water. 

A  portion  of  this  folutir'n  {which  was  perfeftly  colourlefs),  diluted  with  twice  as  much 
diflillcd  water,  was  poured  into  a  phial  containing  a  number  of  fmall  pieces  of  charcoal ; 
and  the  phial,  being  well  clofcd  with  a  new  cork  flopple,  was  expofed  to  the  3.{X\aa  of  the 
fun's  rays. 

In  Icfs  than  an  hour  fmall  fpeclcs  of  revived  Giver  began  to  make  their  appearance  on  the 
furface  of  the  charcoal  i  and,  at  the  end  of  two  hours,  thefe  fpecks  became  very  nume- 
rous, and  had  incceafcd  fo  much  in  Czc,  that  they  were  dilHn'Sly  viiible  to  the  nikcd  eye 
at  ilie  (liftance  of  more  than  three  feet.  They  were  very  white,  and  poircded  the  metallic 
fplendour  of  (ilvcr  in  fo  hi^h  a  degree,  that  when  enlightened  by  the  fun's  beams  their  luftrc 
was  nearly  equal  to  that  of  very  fmall  diamonds. 

The  phial,  which  was  in  the  form  of  a  pear,  and  about  i\  inch  in  diameter  at  its  bulb, 
was  very  thin,  and  made  of  very  fine  colourlcfs  glafs  i,  the  aqueous  folution  was  alfo  per- 
fe£Hy  tranfparent  and  colouilcfs  i  and,  when  the  contents  of  the  phial  were  illuminated  by 
the  dircifl  rays  of  a  bright  fun,  the  contraft  of  the  white  colour  of  ihefc  little  metallic  fpan- 
■  gleswiih  the  black  charcoal  to  which  they  were  fixed,  and  tlicir  cxm: me  brilliancy,  aflbrded 
a  very  beautiful  and  interciling  fight.  ..\  . 

As  the  air  had  brtn  previoufly  expelled  from  the  charcoal  by  boiling  it  in  diflilled  water, 
it  was  fpecifically  heavier  than  the  aqueous  folution  of  the  metallic  oxide,  and  confcquently 
remained  at  the  bo'tom  of  tlie  bottle. 

£xprrimrni  Na.  1 2.  A  phial  as  nearljr  al  poffiblc  like  that  ufcd  in  the  lall  experimentj 
and  containing  the  fjine  quantity  of  diluted  aqueous  folution  of  nitrate  of  filver,  and  alfo 
of  charcoal,  was  inclofed  in  a  cylindric.il  tin  box,  and  cxpofed  one  hour, to  the  heat  of 
boiling  water  in  an  apparatus  ufcd  for  boiling  potatoes  in  (team  for  the  table. 

The  rcfult  of  this  experiment  was  uncommonly  (Irilcing  ;  the  furface  of  the  charcoal  was 
covered  with  ;i  mod  beautiful  metallic  vegetation  ;  fmall  filaments  of  revived  filver,  refcm 
bling  line  fljtied  filver  wire,  pulhing  out  from  its  furface  in  all  directions  I 

Some  of  thefe  metallic  filament;  were  above  one-tenth  of  nn  inch  in  length.  On  agitat- 
ing the  contents  of  the  phial,  they  were  cafily  detached  from  the  furface  of  the  charcoal,  to 
which  ihcy  feemcd  to  adhere  but  very  (lightly. 

Thefe  experiments  wcri;  repeated  feveral  times,  and  always  with  prccifcly  the  fame  re- 
fults. 

When  the  oxide  of  gold  was  reduced  in  this  way,  the  revived  metal  appeared  under  the 
ibrm  of  fmall  fcaies,  aiUiering  firmly  to  the  furface  of  tlie  charcoal-  May  not  the  dilTcrcncc 
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of  the  forms  under  which  gold  and  Tdver  arc  reviveil  from  ihcir  oxides,  in  this  procefi,  be 
owing  to  the  difference  of  the  fpecific  gravities  of  thofe  inetaU  J 

The  following  expetimcnts,  which  were  lirft  fuggefted  by  an  accident,  were  made  with 
e  view  to  inveftigate  (till  farther  the  caufes  of  thofc  elfedls  which  have  been  attributed  to- 
the  fuppofed  chemical  properties  of  light. 

Having  accidentally  put  away  two  fmall  phials,  each  containing  a  quantity  of  aqueous, 
folution  of  the  oxide  of  gold  ;ind  fulphuric  eiher,  in  each  of  which  the  ether  had  extraded 
the  gold  completely  from  the  fulution,  as  was  evident  by  the  yellow  colour  of  the  folution 
having  been  traTisferred  to  ihu  ether,  aiiii  the  foluiion  being  left  colourlcfs ;  in  one  of  the 
phials,  which  happcncil  to  ftand  in  a  window  in  which  there  was  occafionally  a  lirong 
light  (though  the  A'ne£X  rays  of  ilie  fun  never  fell  on  it),  1  found,  in  about  three  weeks,  that 
the  oxide  was  ahnoft  entirely  reduced  -,  the  revived  gold  appearing  in  all  its  metallic  fplea- 
dour  in  the  form  of  a  ihin  pellicle,  fwimming  on  the  furfjce  of  the  aqueous  liquor  in  the 
phial,  and  the  colour  of  the  ether  which  rcpofcd  on  it  having  become  quite  faint;  while  no. 
vilJble  change  had  been  produced  in  the  contents  of  the  other  phial,  which  had  Itood  ia  a- 
dark  corner  of  the  room. 

As  thefe  appearances  induced  me  to  fufpefl,  or  rather  ftrcngthcncd  the  fufpicions  I  had 
before  conceived,  that  the  feparaiion  of  gold  from  ether,  under  its  metallic  fotin,  when  a 
folution  of  its  oxide  is  mixed  with  that  fluid,  is  always  effefled  by  a  rcdudliou  of  the  oxide 
by  means  of  light,  I  made  the  following  eiperimcnt,  with  a  view  to  the  farther  invcftiga- 
tlon  of  that  matier- 

ExptrJment  No.  1 3.  Into  a  fmall  pear-like  phial  of  very  line  iranfparcnt  glafs  I  put  equal 
quantities  of  an  aqueous  folution  of  the  muriatic  o.vide  of  gold  and  fulphuric  ether;  and 
the  phial,  which  was  about  half  filled,  being  clofcd  with  a  good  cork  well  fccured  in  its  place* 
was  expofcd  10  the  aflion  of  the  diredl  rays  of  a  bright  fun. 

A  pellicle  of  revived  gold,  in  all  its  metallic  fplcndour,  began  almoll  immediately  to  l>e 
formed  on  the  furfa-:e  of  the  aqueous  liquid,  and  foon  covered  it  entirely  ;  and  at  the  en*' 
of  two  hours  the  whole  of  the  oxide  was  completely  ccduced,  as  was  evident  from  the  ap- 
pearance of  the  ether,  which  became  perfi^/y  eokurUfi, 

On  fhaking  the  phial,  the  metallic  pellicle,  which  covered  the  forface  of  the  aqueous  li- 
quid, was  broken  into  fmall  pieces,  which  had  cxa£lly  the  appearance  of  leaf-gold,  poiFefr- 
ing  the  true  colour  and  all  the  metallic  brilliancy  of  that  metal. 

On  fuffcring  the  phial  to  (land  quiet,  the  aqueous  liquor  and  the  ether  feparalcd,  and 
rood  of  the  broken  pieces  of  the  thin  (beet  of  gold  defcended  to  the  bottom  of  the  phial : 
the  remainder  of  them  floated  on  the  furface  of  the  aqueous  liquid  ;  and  the  ether,  7A  well 
as  the  aqueous  liquid,  appeared  to  be  pcrfeftly  tTanfpareni  and  cokurhfs. 

By  the  length  of  time  which  was  required  for  the  ether  and  the  aqueous  liquid  to  fepa> 
rate,  I  thoughr  I  could  perceive  that  the  ether  had  loft  fomething  of  its  fluidity  \  but  as . 
this  was  an  event  I  cspe<;ied,  it  is  the  more  likely,  on  that  account,  that  1  was  deceived, 
when  I  imagined  1  faw  proofs  of  its  having  taken  place. 

On  removing  the  cork,  after  the  contents  of  the  bottle  had  been  fufftred  to  cool,  thent- 
was  no  appearance  of  any  confiderable  quantity  of  air,  or  other  permanently  cl^dic  fluid, 
having  been  either  generated  or  abforbed  during  the  experiment. 

Finding  that  the  oxide  of  gold  might  be  fo  completely  and  fo  cxpeditioully  reduced  by 
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mennt  of  cilicr,  I  conceived  it  might  be  poiTiblt:  to  perform  ihit  chemical  proccfs,  in  the 
meiji  way,  by  means  of  eflercial  oils  }  and  this  conje<£lurc  proved  to  be  well  founded. 

Erperiment  No.  14-  Upon  a  quantity  of  a  diluted  aqueous  folution  of  nitro-muriate 
of  gold,  in  a  fmall  peat-lilcc  phial,  about  i^  inch  tii  diameter  at  its  bulb,  was  poured  a 
fmall  quantity  of  cthcrial  oil  of  lurpeniinc,  juft  as  much  as  was  fufficicnt  to  cover  the 
aqueous  foluiion  to  the  height  of  ^  of  an  inch  ■,  and  the  pliiil,  being  well  clofed  with  a 
good  cork,  well  fecurcd,  was  expofcd  one  hour  to  the  heat  of  boiling  water  in  a  (leam- 
vcflel. 

't  he  ^\A  waa  revived,  appearing  in  the  form  of  a  fplendid  pellicle,  of  a  bright  gold  co- 
lour, which  floated  on  the  fuiface  of  the  aqueous  liquid.  The  oiJ  of  turpentine,  which^ 
at  the  beginning  of  the  experiment,  was  as  pale  and  colourlefs  as  pure  water,  had  taken  s 
bright  vellow  hue  -,  and  the  aqueous  fluid,  on  which  it  repofed,  had  entirely  loft  its  yel- 
low colour. 

On  (halting  the  phtal,  its  contents  were. intimately  mixed  i  but,  on  Aiffcring  it  to  ftand 
quiet,  the  oil  of  turpentine  foon  feparatcd  from  the  aqueous  liquid,  retuning  its  bright 
yellow  hue,  and  le.iving  the  aqueous  liquid  colourlefs. 

On  fliaking  the  phial,  hefsre  it  had  hen  exp^ftd  to  the  heat,  and  mixing  its  contents,  and 
then  fuflcring  it,  to  (land  quiet,  the  oil  of  turpentine,  on  taking  its  place  at  the  top  of  the 
aqueous  folution,  was  not  found  to  have  acquired  any  colour  j  nor  was  the  bright  gold 
colour  of  the  folution  found  to  be  at  all  impaired.  When  fulphuric  ether  was  ufed  ir.- 
ftead  of  the  oil  of  lurpeniine,  the  efte£t  was  in  this  refpe£l  very  different. 

To  find  out  whether  the  oil  of  turpentine  ufed  in  this  experiment,  and  which  had  ac- 
quired a  deep  yellow  colour,  had  loft  that  property  by  which  it  eifcflcd  the  rcduflion  of 
the  metallic  oxide,  I  now  poured  an  additional  quantity  of  the  aqueous  folution  of  thfl 
oxide  into  the  phial,  and,  fliaking  the  phial,  cxpolcd  it  with  its  conienta  to  the  heat  of 
boiling  water. 

After  it  bad  been  expofed  to  this  heat  about  two  hours  I  examined  it,  and  found,  that 
though  a  confiderable  quantity  of  gold  had  been  revived,  yet  the  aqueous  liquid  ftJIl  re- 
tained a  faint  yellow  colour. 

The  oil  of  turpentine  had  acquired  a  deeper  and  richer  gold  colour,  approaching  to 
♦range. 

To  the  contents  of  the  phial  I  now  added  about  half  as  much  diftilled  water,  and, 
nixing  the  whole  by  (baking,  I  expofed  the  phial  again,  during  two  hours,  to  the  heat  of 
boiling  water ;  when  the  remainder  of  the  oxide  was  reduced,  and  the  aqueous  liquid  left 
pcrfctlly  cchnrleft. 

On  repeating  this  experiment  with  oil  of  turpentine,  and  varying  it,  by  ufmg  a  folutioa 
of  the  oxide  ai fiver  (.m  aqueous  folution  of  nitrate  of  Giver,)  inftead  of  that  of  geld,  the 
Tcfult  was  nearly  the  fame  :  the  metal  was  revived,  and  the  oil  of  turpentine  acquired  a 
faint  grecnifh-yellow  colour. 

I  alfo  revived  the  oxides  of  gold  and  of  Clver  with  oil  of  olives,  by  a  (imilar  procefs,  with 
the  heat  of  boiling  water.  The  oil  of  olives  ufed  in  thefc  experiments  loft  its  tranfpa- 
rency,  and  became  deeply  coloured :  that  ufed  in  the  rcduflion  of  the  oxide  of  lilrer 
taking  a  very  deep  dirty  brown  colour,  approaching  to  black }  and  that  employed  In 
seducing  the  oxide  of  gold  being  changed  to  a  yellowifh-biown,  witb  a  purple  hue. 
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In  the  experiment  with  the  oxide  of  filver,  the  infide  of  the  phial^  in  the  region  where 
the  oil  repofed  on  the  aqueous  folution, 'was  beautifully  filvered,  the  revived  metal  forni- 
ing  a  narrow  metallic  ring,  extending  quite  round  the  phial ;  and,  in  both  experiments, 
fmall  detached  pellicles  of  revived  metal  were  vifible  in  the  oil,  and  adhered  in  feveral 
places  to  the  infide  of  the  phial,  forming  bright  fpots,  in  which  the  colour  of  the  metal 
and  its  peculiar  fplendour  were  per fedtly  confpicuous. 

Experiment  No.  15.  As  carbon  is  one  of  the  conftituent  principles  of  fpirit  of  wine,  as 
well  as  of  eflential  oils  and  fulphuric  ether,  I  thought  it  poflible  that  1  might  fucceed'in 
the  reduftion  of  the  oxide  of  gold,  by  mixing  alcohol  with  an  aqueous  folution  of  nitro- 
muriate  of  gold,  and  expofing  the  mixture  in  a  phial  well  clofed  to  the  he^t  of  .boiling 
water ;  but  the  experiment  did  not  fucceed. 

By  pouring  upon  this  mixture  a  fmall  quantity  of  oil  of  olives,  and  expofing  it  again  to 
the  heat  of  boiling  water,  the  gold  was  revived.         • 

Is  it  not  probable  that  the  reafon  why  the  oxide  was  not  reduced  by  alcohol,  is  the  mo-, 
bility  of  thofe  elements,  which  ought  to  a£l  on  each  other,  in  order  that  the  cfFcA  in 
queOion  may  be  produced  ?  I  have  no  doubt  but  the  oxide  would  be  reduced,  could 
the  alcohol  be  made  to  reit  on  the  furface  of  the  aqueous  folution  without  mixing 
with  it. 

I  wi(hed  to  have  been  able  to  have  coIle£led  and  examined  the  elaftic  fluids,  which 
probably  were  formed  in  moft  of  the  preceding  experiments}  but  my  time  wis  fo 
much  taken  up  with  other  matters  that  I  had  not  leifure  to  purfue  thefe  invedigation^ 
farther. 

In  order  to  fee  what  efFedis  would  be  produced  by  the  heat  generated  at  the  furface  o£ 
an  opaque  body,  of  a  nature  different  from  thofe  hitherto  ufed  in  the  reduflion  of  the 
metallic  oxides,  and  one  that  is  little  difpofed  to  form  a  chemical  union  with  oxygen, 
(magnejla  alba)  when^  being  immerfed  in  an  aqueous  folution  of  the  oxide  of  gold, 
the  rays  of  the  fun  were  made  to  impinge  on  it,  I  contrived  thd  following,  experi- 
ment. 

Experiment  No,  16.  I  took  four  fmall  thin  phials,  A,'B,  C,  and  D,  of  very  fine  glafs, 
and  putting  into  each  of  them  about  five  grains  of  dry  magnefta  olbay  I  filled  the  phial  A, 
nearly  full,  with  a  faturated  aqueous  folution  of  the  oxide  of  gold. 

L  filled  the  phial  B,  in  like  manner,  with  fome  of  the  fame  folution,  diluted  with  an 
equal  quantity  of  didilled  water ;  and  the  phials  C  and  D  were  filled  with  the  folution 
ftill  farther  diluted. 

Thefe  phials,  open  or  without  floppers,  were  expofed  one  whole  day  to  the  a£lion  of  the 
dire£l:  rays  of  a  bright  fun,  their  contents  being  often  well  mixed  together  during  that 
time  by  (baking. 

The  contents  of  all  thefe  phials  changed  colour  more  or  lefs,  but  they  acquired  very  dif- 
ferent hues.  1  he  contents  of  the  phial  A  became  of  a  very  deep  rich  gold  colour^  ap* 
proaching  to  orangey  the  earthy  fediment  being  throughout  of  the  fame  tint. 

The  contents  of  the  phial  B,  which  were  at  firft  of  a  light  draw  colour,  firft  changed 
to  a  light  green,  ^d  then  to  a  greenifti  blue.  The  phial  having  been  fuffered  to  (land 
quiet  feveral  days,  in  an  uninhabited  room  in  a  retired  part  of  the  houfe,  the  folution  bc«- 
came  nearly  colourlefs,  and  the  fediment  was  found  to  be  of  a  dirty  olive  colour. 
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The  colour  of  the  contents  of  tJic  phials  C  and  D  was  changed  nearly  in  the  fame  m^ui- 
ner ;  and  Having  been  fufl'ered  to  (land  quiet  two  or  three  days  to  fettle,  the  fo!uiion  was 
found  to  be  quite  colourltfs,  and  the  fcdiincnt  to  be  deeply  coloured.  There  was,  how* 
ever,  a  very  rcmnrkable  ditrercncc  in  the  hiics  of  the  two  phials  ;  that  of  the  phial  C  bciog 
of  3  light  grcenifh-bluc  ;  while  that  in  the  phial  li  was  indigo,  and  of  fo  deep  a  tint  that 
it  might  cafily  have  been  taken  for  black. 

Thcfe  appearances  were  ccriainly  very  ftiiktng,  and  well  calculated  to  excite  my  cu- 
riolity;  but  I  am  fo  much  engaged  in  public  bufincfs  that  it  is  not  at  prcfcnt  in  mf 
power  to  purfoe  thefe  iniiuitics  failher.  I  wiih  that  what  I  have  done  may  induce  othcOf, 
who  have  more  time  to  fpare,  to  devote  fomc  portion  of  theit  Icifure  to  thcfe  intcrcfting 
invclligaltoiis. 


VII. 
Seme  jleceunt  of  the  Ptrfittn  CoUon-Tree.  By  MaTTHEK'  GVTBRIE,  M.D.  F.R.S    i^c.isfe: 


VjOTTON  is  a  plant  of  both  the  old  and  the  new  world ;  at  Icall  it  is  found  wild  In 
both  :  but  I  have  my  doubts  whether  it  was  a  natice  of  America  before  the  I^uropcans  car- 
ried it  over,  and  fliall  aflign  rcafons  for  my  incredulity  when  1  come  to  treat  of  the  Piifian 
cotlen,  which  is  the  very  fpccies  that  is  faid  to  be  Ameiican. 

Five  fpecies  of  the  cotton  tree  are  enumerated  by  Liniia:us  j  and  there  is  reafon  to  fuf- 
peft  the  exirtence  of  a  fixlh,  if  what  we  arc  told  of  the  extreme  fincncfs  and  fiiky  nature 
of  a  particular  kind  reared  in  fome  of  the  Antilles  be  literally  true.  This  curious  variety  is 
called  Siam  cotton,  becaufe  the  reed  was  originally  obtained  from  Siam. 

The  firft  fpccies  of  cotton  is  the  go^piurn  tiriereum,  or  Indian  teltsn-trie,  which  has  been 
cultivated  and  manufactured  in  the  Ealt  Indies  from  the  remoicd  period  of  the  authentic 
hilloryof  that  country,  or  between  three  and  four  thoufand  years.  It  delighiK  in  a  (andy 
Jbil. 

The  fccond  fpccies  is  the  gc/ypiim  religkfum,  which  is  likewifc  7.  native  of  Indis,  and  x 
tree,  or  at  lead  a  hiph  Ihrub ;  I'Ut  why  Linnxus  dignified  ii  with  fo  fmgular  a  f pec i fie 
name  I  fluli  leave  the  learned  Alintlc  Society  in  Bengal  to  dctenniiie,  as  they  muil  knovr 
if  it  be  ufed  for  any  religious  purpofcs  by  the  biamins.  This  fpccies  of  cotton  is  faid  to 
be  that  which  is  cuhivaicd  by  the-  French  in  Martinico. 

The  third  is  the  (j.  barhinitnft,  a  fpccies  of  biennial  cotton  lliTub  cultivated  in  our  Bri- 
ti(h  iCmd  of  Darbadoes,  from  which  it  obtains  its  fpcclfic  oamc  I  believe  it  is  likcwife 
the  fame  fpccies  which  is  cultivated  in  Jamaica. 

The  fourth  is  the  G.  birfutum,  an  American  fertnmal  cotton  flirub  in  the  wartncr  pro- 
vinces, but  aiir.uni  in  the  colder,  as  is  fometimes  the  cafe  with  plants  in  cliiuaEes  whcrv 
their  roots  lofe  ihtir  vegetating  power  by  winter  frofl. 

The  fifth  and  laR  fpecies  i»  the  G.  herhactuin,  or  G.  annuunt,  an  umua]  cotton  plant 
which  rifcs  to  the  height  of  three  or  four  feet}  and  is  fown  and  reaped,  tike  corn,  twice  a 
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year  in  hot  countiies,  and  once  a  year  in  coUkr  climates.     It  bears  a  large  yellow  flower 
■with  a  purple  centre,  anJ  fruit  about  the  fize  of  a  walnut  containing  the  cotton. 

This  is  the  famous  Pttfi.m  cottm  properly  the  fubject  of  the  paper,  although  a  flight 
mention  of  other  fpecies  was  neccflary  to  give  a  more  complete  view  of  the  fubje£l.  Lin- 
RKtJS  culls  it  a  native  of  Ametica  j  and  there  is  no  doubt  but  that  it  ia  become  fo,  aUhough 
there  is  much  more  reafon  to  fuppofe  America  naturalizetl  a  Perfiaii  plant  than  that  Pcr(i» 
■got  it  from  the  new  world ;  efpccially  if  we  arc  to  credit  a  paper  lately  prefenied  by  a  Bti- 
tith  merchant  to  the  Economical  Society  at  Peierfburgh,  in  which  it  is  poCiivcly  aiTertcd 
that  feveral  of  the  European  nations  furnirtied  their  American  colonies  with  Per/ian  cetim 
feed  procured  at  Smyrna.  Now  this  fafl  {if  fufficiently  authentic,  which  I  do  not  doubt 
from  my  knowledge  of  the  veracity  of  the  author)  will  eafily  account  for  the  G.  Htrbaceum 
being  found  wild  in  America ;  when  we  iecolle£l  the  wonderful  provifion  of  nature  for  the 
wide  difpcrfjon  of  feeds,  and  Linnaeus's  affertion  that  the  Erigemn  camidenft  was  dirperfed 
from  the  botanic  garden  of  Paris  by  the  winds  over  a  great  part  of  Europe,  and  feveral 
other  planti*  from  the  botanic  garden  of  Upfal  over  a  whole  province. 

My  reafons  for  fupgelling  thcfe  doubts  relative  to  the  native  country  of  this  fpccies  of 
cotton  are,  that  all  vegetables  of  this  genus  are  Cuppofed  to  have  been  indigenous  in  Perfia 
eiclufively,  and  that  even  the  liall  Indies  derived  the  cotton  plants  from  thence ;  a  conjec- 
ture which  feems  to  have  acquired  fome  degree  of  credit  from  the  late  difcovcry  of  Sir 
William  Jones,  viz.  that  the  Hindoos,  or  inhabitants  of  India,  were  originally  a  colony  of 
the  ancient  Iran  or  Perfia,  which  feems  to  have  been  the  cradle  of  the  human  fpecies,  fincc 
i«  ancient  language  appears  to  have  been  the  mother  of  ail  thofe  now  exifting  (with  the 
exception  of  the  Arabic  and  Tartarian),  of  which  ncvcrihelcfa  it  contained  many  words. 

Now  it  is  very  poQiblc  that  the  fiift  colony  carried  the  cotton  plant  with  them  to  Indii^ 
and  that  it  was  afterwards  difperred  from  Hindollan  to  the  adjacent  countries  and  iHands. 
The  cotton  plant  is  widely  difpctfed  likewifc  throughout  Europe  and  fome  parts  of  Africa, 
particularly  the  annual  or  herbaceous  fpecies  (the  very  plant  treated  of  here)  reared  in  the 
north  of  Perfia,  and  which  is  alfo  cultivated  in  Malta  t.  Sicily,  Chio,  Leranos,  and  other 
iHands  of  the  Archipelago,  altiiough  polTibly  the  cotton  of  thefc  iflands  may  be  varieties  of 
the  fpecies  from  difference  of  foil,  climate,  &c. 

The  bed  of  the  European  cotton  is  brought  from  Cyprus  \  but  Smyrna,  Aleppo,  D«- 
mafcus,  Jcrufalem,  &c.  fuitiifb  likewife  a  quantity  of  cotton  at  Icalt  equal  to  the'  Eu- 
ropean. 

Cult'foation  of  Cotton  in  Prrfp- 

THE  annual  cotton,  or  tliis  laft  fpecies,  of  which  we  have  treated  more  amply,  is  much 
cultivated  in  the  northern  or  colder  provinces  of  Perfia  bordering  on  the  Cafpian  Sea  (as 
the  perennial  is  in  the  fouthern)  ;  and  it  is  from  thence  that  the  feeds  now  fcnt  to  Portugal 
have  been  obtained  through  the  Uuchaiian  Tartar  merchants,  and  are  the  produftion  of 
the  Gcjpfpium  herhacetim  of  Linmus,  the  Gcffyfiutn  aiinuum  of  Pallas.  It  is  fo«n  in  Perfia 
from  the  end  of  March  to  the  end  of  April,  and  reaped  in  September.  This  fpecies  re  • 
quires  a  rich  foil  mixed  with  fand  ;  and  therefore  where  the  land  is  not  rich  enough  thcT 

•  The  Awirrhinum  tniniK,  ihe  Dstura  ftranionium,  the  Gnaplwlium  amcricanum,  iie. 

t  There  ii  a  kind  of  counn  culiivatcd  in  M^lta,  of  a  nankccD  colouri  wbich  cxcetJi  id  £nencfi  all  other 
touonj  and  i:  much  (uperioi  tvcn  to  that  from  the  Antilki. 
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manure  it  with  cow  or  fhecp  dung  ■,  althougit  wc  are  tolil  tliat  when  the  plants  are  once  raifcd 
«bove  the  ground  any  fpccics  of  foil  will  anfwer.  The  ground  is  worked  in  the  fjsring,  and 
tlie  feeds  are  plained  at  ihc  diftance  of  eight  or  ten  inches  from  one  another,  whilll  care  is 
taken  to  weed  it,  to  give  air  to  the  young  plants.  Dry  fummers  give  the  heft  crop,  as  rain 
is  more  particubtly  hurtful  when  it  falli  in  great  quantities  during  the  flowering  and. 
ripening  of  the  cotton.  It  is  gathered,  as  fiid  above,  in  September,  care  being  always  taken 
to  colled  a  fuflicicnt  quantity  of  feed  for  the  next  year.  LalHy,  watering  the  young  plants 
with  a  mixture  of  wood-allies  and  w»ter  in  certain  fituations  is  fometimes  neceflary  to 
guard  them  from  deflrudlivc  worms, 

The  Rufliins  have  cultivated  tlie  fame  fpecies  of  Perfian  cotton  in  the  government  of 
Caucafus,  and  rear  enough  of  it  to  ferve  their  own  national  manufadlures,  which  are  not 
as  yet  either  numerous  or  confulcrablc  j  but  on  the  Terek,  at  the  foot  of  the  Cau«afu5, 
where  it  is  reaied,  they  do  not  fow  till  the  middle  of  May,  left  a  late  fpring  froft,  which  is 
fometimes  felt  in  thofe  parts,  fliould  deftroy  the  hopes  of  the  pUtiter.  With  that  one  ex- 
ception, the  RutTians  fliidlly  obferve  the  Perfian  mode  of  cultivation. 

There  is  a  fpecies  of  filky  cotton  much  cultivated  at  prefent  in  Germany,  which  poUibly 
may  merit  the  attention  of  Portugal  for  their  plantations  in  America,  It  is  the  AfcUpiai 
Jyriac/i  of  Linn:cu3,  and  affords  fu  fine  a  fpecies  of  cotton  (if  1  may  fo  name  it)  that  fabrics 
have  been  credcd  in  Saxony,  where  Huffs  are  made  of  it  which  rival  in  loftre,  &c.  the 
true  animal  filk.  But  this  new  vegetable  filk  has  citcumllanccs  attending  it  that  feem  to 
recommend  its  cultivation  in  fome  of  the  American  colonics  and  iflands:  Firft,  becaufc 
U  is  originally  the  native  of  a  hot  climate,  as  Linnaeus 's  fpccific  name  indicates;  and  of 
courfe  it  is  likely  to  be  in  its  grealeft  beauty  and  excellence  in  climates  which  approach 
ncareft  to  that  of  its  native  country.  Secondly,  becaufe  its  ftalks  afford  a  coarfe  fort  of 
doth  well  calculated  to  clothe  negroes,  whiMl  from  the  pith  of  them  paper  is  made. 


Vill. 

Mn^i  Olid  Objirvations  conctrniug  the  Meafare  and  Expenee  of  firji  Mover t,  namely,  liquid, 

Water^  SUiim,  and  Animal  Sirengih,  and  en  olhrr  Otje^i  of  general  Utility.     (W.  N.) 

X  H  E  confideration  of  the  value  and  importance  of  natural  fiift  movers  is  of  confc-- 
qucncc  not  only  to  pradical  engineers,  but  to  every  individual  in  cultivated  focicty. 
There  arc  numberlefs  fituations,  even  in  the  fpiritcd  mauufafturing  kingdom  wc  inhabit, 
where  large  revenues  ate  expended  to  perform  mechanical  and  hydraulic  oper.tlions  by  the 
force  of  human  labour,  or  by  horfes,  which  might  be  for  the  moft  part  fived  by  fubllituting 
3  fteam-cnginc  or  windmill,  or  making  ufc  of  a  ftream  of  water  now  running  to  waftc.  It 
IS  well  known,  that,  (ince  the  extenfion  of  the  cotton  and  other  works,  ellates  of  fmall  rent 
in  the  neighbou'hood  of  Manchefter  and  clfcwherc  have  been,  and  continue  to  be,  let  at 
more  than  twenty  times  their  original  rent,  merely  from  the  fortunate  circumftance  of 
their  pofTelTing  a  fmall  ftream  of  water  falling  with  a  fufHcient  declivity  to  give  motion  to  a 
mill.  If  the  proprietors  of  lands  and  manufafturcrs  in  general  were  belter  acquainted  with 
the  Cmple  methods  of  eltimaiing  the  forces  of  thofc  current*  of  water  which  run  ncgle£led 

through 
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through  their  grounds  and  premifes,  and  which  an  intelligent  obferver  need  not  w:(lk  manjr 
miles  in  any  country  to  point  out,  their  property  and  revenue  might  immediately  receive  a 
confiderable  accefEon ;  and  the  community  would  be  dill  more  effeclually  benefited.  The 
inceflanc  demands  for  the  employment  of  fuch  for(:es  in  grinding  corn,  colours,  drugs,  to- 
bacco ;  in  cutting  bark  and  other  tannery'  and  dyers'  materials  ;  in  fawing  wood  %  in  la* 
minating,  drawing,  or  fafhioning  metallic  bodies  ;  in  fpinning,  weaving,  fulling,  &c.  the 
.produfts  of  the  organized  kingdoms  by  arts  already  pra£lifed,  exclufive  of  the  many  im- 
provements which  may  be  expected  in  their  application,  are  too  numerous  to  afford  the 
lead  reafon  for  any  proprietor  to  fear  a  want  of  employment,  or  to  confider  the  erection 
of  a  mill  in  a  proper  fituation  as  a  fJ)eculation  of  the  lead  danger  or  probable  difadvantagc. 
Similar  obfervations  are  to  a  certain  extent  applicable  in  favour  of  the  ufe  of  horfes  inftcad 
of  irjiXiy  and  fteam  inftead  of  horfes,  in  every  cafe  where  the  power  is  required  to  be  great 
or  long  continued,  and  the  fkill  either  little,  or  capable  of  being  fupplied  by  machinery. 

I  am  tempted  to  digrefs  for  a  moment  from  my  fubje£l  by  the  natural  recurrence  .of  a 
political  reflection,  fo  obvious  that  it  fcarcely  ever  fails  to  be  made  when  the  extenGon  of 
-machinery  and  the  application  of  inanimate  powers  are  con fidered.  It  is  dated  by  certain 
humane  but  miftaken  objeftors,  that  the  fcheme  of  mechanical  and  chemical  improve- 
ment is  pointed  againd  the  human  fpecies,  and  tends  to  drive  them  out  bf  the  fydem  of 
beneficial  employment.  Two  creatures  offer  themfelves  to  me  for  employment  and  fup- 
-port — a  man  and  a  horfe.  I  mud  invariably  prefer  the  latter,  and  leave  the  former  to 
ilarve.  Two  other  beings — a  horfe  and  a  deam-engine,  are  candidates  for  my  favour.  My 
preference  to  the  latter  tends  to  exterminate  the  fpecios  of  the  former.  In  both  cafes 
it  is  dated^  that  the  number  of  intelligent  creatures  capable  of  the  enjoyment  of  happinefs 
mud  be  diminiflied  for  want  of  fupport ;  and  that,  on  the  whole,  the  fum  of  the  propofed 
improvemejits  is  not  only  a  lefs  proportion  of  good  to  fociety,  but  a  pofitivc  accelfion  of 
much  mifcry  to  the  unemployed  poor. 

On  this  wide  and  extended  argument,  which  can  in  fafl  be  maintained  againd  improve- 
ments in  no  other  way  than  by  infiding  that  the  favage  date,  with  all  its  wants,  its  igno- 
rance, its  ferocity,  and  its  privations,  is  preferable  to  the  focial  intercourfe  of  effort  and 
divifion  of  labour  we  are  habituated  to  prefer,  it  may  be  fufficient  to  obferve,  that  the  topic 
includes  matter  not  only  for  reafoning  and  indu£lion,  but  alfo  for  experiment.  By  refe- 
rence to  the  matter  of  faft,  though  it  mud  be  allowed  that  new  improvements,  which 
xrhange  the  habits  of  the  poor,  mud  at  fird  expofe  them  to  temporary  inconvenience  and 
■  didrefs,  againd  which,  in  fairnefs,  it  is  the  duty  of  fociety  to  defend  them  j  yet  the  inva- 
^riable  refult  of  fuch  improvements  is  to  better  the  condition  of  mankind.  The  nations 
which  have  (hewn  the  mod  ingenuity  and  indudry  in  this  way  are  not  only  the  riched,  the 
mod  populous,  the  mod  intelligent,  and  the  bed  defended  ;  but  the  provinces  of  thofe 
•nations  are  feen  to  flourifli  in  proportion  to  their  refpcftive  degrees  of  aftivity  in  this  re- 
•fpe£l.  And  from  thefe  exertions  it  is,  as  Smith*  emphatically  remarks,  that  "  the  accom- 
modation of  an  European  prince  does  not  always  fo  much  exceed  that  of  an  indudrious 
^nd  frugal  peafant,  as  the  accommodation  of  the  latter  exceeds  that  of  many  an  African 
ting,  the  abfolute  mader  of  the  lives  and*  liberties  often  thoufand  naked  favages/' 

•  Wealth  of  Nations,  i.  ch.  i. 

But 
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But  to  return  to  our  fubjc^.  In  this  praflical  and  popular  communicatian  I  fhaH  avoid 
entering  into  atij  difculTioii  of  the  theory  of  winilmills,  which  has  employed  tlie  altcntlon 
of  fo  nijiiy  Gcninetit  men  for  t  cenlury  paft.  The  advantages  of  thefe  engines  for  fuch 
work  as  will  admit  of  being  performed  and  fufpciided  by  intervals  are  fuIEcienily  known, 
but  perhaps  not  fufficicntly  attended  to.  There  can  be  no  doubt  but  that  the  Dutch,  who 
ufc  \vin(hnill&  for  fawing,  pumping,  and  various  otlier  works,  as  well  as  grinding,  mult 
have  found  tlicm  very  profitable,  fince  tlicir  couniry  is  o\ctfpread  with  them.  Il  may  be 
proper  however  to  take  notice,  that  many  writers  have  copied  one  from  another  ihe  deter- 
mination of  Maclaurin,  fhat  the  beft  angle  for  wind  mill -fails  to  make  with  the  line  of  di- 
leclion  of  the  wind  is  54"  44',  which  is  only  true,  as  that  eicellent  mathematician  obfervest 
at  the  very  commencement  of  the  motion,  and  requires  to  be  enlarged  as  the  velocity  ot 
the  fails  increafcs :  for  the  law  of  which,  and  other  cfl"i:ntial  objctls,  his  account  of  Sir 
Ifaac  Newton's  Philofophical  Difcoverics,  and  his  Treatife  on  Fluxions,  may  be  confultcd. 
SmeaCon,  who  had  much  experience  in  the  bufincfs  of  a  civil  engineer,  and  whofc  data 
may  always  be  depended  on,  though  his  theories  are  not  condantly  accurate,  made  a  fee 
of  experiments  on  the  conrtruciion  and  efFeds  of  windmill -fails,  which  arc  defcribcd  in 
the  Philofophtcal  Tranfaclions  for  the  yctf"  lysp"*.  This  engineer  ftates,  that  the  mean 
tatc  of  work  for  mills  with  Dutch  fails  is  when  ihcy  make  about  thirteen  turns  iu  a  minute, 
which  is  when  the  velocity  of  the  wind  is  8}  miles  in  an  hour,  or  lij-  feet  in  a  fccond  ; 
and  this  wind  in  common  phrafe  would  be  called  a  frcfh  gale.  Taking  the  maximum  of 
Dcfagulicr!;,  hereafter  to  be  mentioned,  as  his  Elandard  for  computation,  he  deduces  the 
£ze  of  a  windmill-fail  of  the  figure  jull  mentioned,  and  alfo  according  to  a  figure  con- 
Qjufled  from  his  own  experiments,  which  fliall  be  equal  iu  mean  power  to  one  man  ;  and 
thence  he  arrives  at  the  inference,  that  one  of  his  own  fails,  thirty  feet  in  length,  will, 
when  working  at  a  mean  rate,  be  equal  to  the  power  of  18,3  men.  He  had  an  oppor- 
tunity of  verifying  this  in  the  large  way  in  a  mill  ufed  for  crufhing  rape-feed.  The  mean 
power  of  a  windmill  is  therefore  very  confiderable ;  but  what  may  be  the  annual  or  ave- 
rage quantity  of  work  fuch  an  apparatus  is  capable  of  performing  under  all  the  viciQitudci 
of  the  wind,  I  pofiefs  no  means  of  afccrtaimng. 

la  tlie  fame  treatife  Smeaton  makes  feveral  very  juft  remarks  on  thofe  windmills  which 
arc  aclcd  "upon  by  the  direift  impulfc  of  the  wind  againlt  falls  fixed  to  a  vertical  fliaft.  I  lis 
objeflions  have,  I  believe,  in  every  inftance  been  jutlified  by  the  inferior  efficacy  of  thefe 
mills  when  compared  with  the  charges  of  creeling  them.  lie  alfo  maintains  that  water- 
mills  with  oblique  fails,  upon  the  principle  of  the  common  windmill,  cannot  prove  bcnefi- 
cial  to  the  undertaker.  It  is  indeed  probable  that  mod  of  the  circumRanccs  of  running- 
water  are  likely  to  render  the  common  over  and  underfhot-whcels  cheaper  and  more  cf- 
fcftual,  and  that  the  obUque  iloat-board  will  in  no  inflance  come  near  the  efFedl  of  a  clofe 
overfhot  wheel-  But  it  is  alfo  certain  that  fuch  wheels  are  ufcd  in  China,  in  the  fouth  of 
France,  and  elfewhere,  witli  much  more  e([eik  than  Smeaton  appears  difpofed  to  think 
Ihcm  capable  of :  and  at  all  events,  the  fubjeft  of  thefe  wheels  dcferves  to  be  conlidered. 


'*  This  aceoum  liai  Tuicc  been  republiflwd,  tngethcT  with  other  valuable  paptrs  of  die  fame  author,  under 
ttae  title  of  An  E»|reri mental  Inquiry  eoncerning  the  Nimral  Power:  of  Wind  snj  \V«itr  to  luni  Mllh,  Sn: 
By  John  Smeaton,  F.R.S.  Svo,  prioKd  for  Taylor,  London,  1794- 
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The  enquirj  which  moft  immediately  inicrefts  land-holders,  and  others  who  haTC  the  ti 
vantagcof  a  current  of  water,  is  to  afcertaiii  whether  it  will  afford  fufficicnt  power  to  juftifj 
the  erc.£tion  of  a  mill,  and  what  that  power  may  be.  If  (he  (Ircam  be  ample  without  much 
fall,  ifmuft  iiecefiarily  be  applied  to  move  an  undeilliot  wheel  by  its  impullV,  and  the  power 
will  be  detcrniinahle  from  the  velocity  of  the  water,  and  the  quantity  which  patTcs  ihrougb 
the  fcflion  of  its  bed.  One  of  the  caGcft  methods  of  afccrtainLng  thcfc  data  is  that  ri»CTi 
by  Dcfaguliers  •,  as  follows.  Obfen-c  a  place  where  the  banlcs  of  the  river  arc  deep  aiid 
parallel,  fo  as  to  make  a  kind  of  trough  for  the  water  to  run  through,  and  bjr  taking  the 
(Jepth  acmfs  m.ike  a  true  fcfllon  of  the  river.  Stretch  a  flrinjj  at  right  angles  over  it> 
■nd  at  a  fmaU  diltancc  another  parallel  t&the  firfl.  Then  take  an  apple,  an  orange,  or 
other  fmnll  ball,  ju(t  fo  much  lighter  than  water  as  to  fwim  in  it,  and  throw  it  into 
the  water  above  the  lltings  Obfcrve  when  it  comes  under  the  fiill  firing  by  means  of  att 
half-fccon;!  pendulum,  a  ftop-watch,  or  any  other  proper  inllrument,  and  likewife  when 
it  arrives  at  the  fccond  firing.  By  tliis  mc.^ns  the  velocity  of  tiic  upper  furfacc,  whtcll  in 
prailice  may  gtc-jrally  be  taken  for  that  of  the  whole,  will  be  obtained.  The  fctlioii  of 
the  river  at  the  fecond  llring  mud  be  afcertained  by  taking  the  depth  as  before.  If  thi» 
furfacc  or  fe^liou  be  the  fame  as  the  former,  it  may  be  taken  for  the  mean  fedion  ;  if  not> 
add  both  together,  and  take  half  the  fum  for  tlie  mean  feclion.  The  area  of  the  mean 
fection  in  ftjuare  feet  being  then  multiplied  by  the  diilance  between  the  firings  in  feet, 
will  give  the  contents  of  the  water  In  folid  feet,  which  palTed  from  one  firing  to  the  othev 
during  the  time  of  obfervation.  And  this,  by  the  rule  of  three,  may  be  adapted  to  any 
oihet  portion  of  time.  Suppofe,  fur  example,  ihe  time  had  been  is",  and  the  hourly  ex- 
penditure of  water  were  required,  the  proportion  would  be  :  As  1 2"  arc  to  36C0  ',  fo  is  tb^ 
number  of  cubic  feet  obfcrved  to  the  hourly  expenditure  in  cubic  feet.  If  the  mere  velo- 
city be  required  in  proportion  to  any  fixed  interval  of  time,  the  fame  proportion  will  give 
it,  provided,  inilead  of  the  folid  contents  in  the  third  term,  there  be  taken  the  diAance- 
bctwcen  firing  and  firing. 

The  intelligent  obferver  may  in  general  abridge  this  operation,  by  taking  notice  of  the  «*■ 
rival  of  the  floating  body  oppofite  two  (lations  on  the  fhore,  efpccially  when  tt  'ib  not  eonve- 
nicnt  to  (Irctch  a  firing  aerofs.  The  arch  of  a  bridge  is  a  good  ftati'in  for  an  experiment  of 
this  kind,  bccaufe  it  affords  a  very  regular  feflion  and  two  fixed  points  of  obfervation :  and' 
in  fomc  inftaiices  the  fca  praflice  uf  heaving  the  log  may  have  its  advani-.iges-.  Where  a 
time-piece  is  not  at  hand  it  m.iy  be  equally  convenient,  provided  two  obfervers  attend,  to- 
note  the  time  with  a  half  or  quarte^r-feconds  pendulum.  The  half-fceonds  pendulum  is. 
made  by  fufpending  a  fmail  round  button,  or  other  fpl.evieal  weight,  by  a  thread  I ooped^ 
over  a  pin  of  fuch  a  length  that  the  diilance  from  the  bend  of  the  loop  to  the  centre  of 
the  weight  fliall  be  9,8  inches.  The  quarter-feconds  pendulum  is  one  fourth  of  thisi 
length.  If,  by^obfervations  at  fevcral  ftations  above  and  below  any  particular  point  of  the- 
river,  the  velocity  ia  not  found  to  vary,  the  fe£tion  of  the  liver  in  all  that  fpacc  may  be 
concluded  to  be  uniform  ;  and  it  will  not  be  neceffary  tp  determine  more  than  one  fcflioat 
byafluai  meafurement. 

la.  the  cafe  of  an  overflowing  pond,  or  fmall  flream,  which  will  admit  of  a  dam  aorofa  it,, 
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die  quantity  of  water  alForded  may  be  sfcertamed  by  fufTcring  it  to  run  through  ii  notcb 
in  a  board,  or  a  vertical  hole  of  an  inch  fquarc,  according  to  the  following  table,  whicb 

Deiagulicrs  f:iy3  he  calculated  from  repeated  experimems*. 


jt  TABLE  of  tht  Expenct  tf  Water  through  an  Inch-fyucre  HoU,  and  through  a  Ci/lTtn  Inch 
wide  and  of  different  Dtplht. 
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In  the  confideTation  of  power  or  force  to  be  derived  from  water  in  motion,  thi  water 
may  \k  taken  as  a  determinate  mafs  falling  through  a  given  height  La  a  given  time.  In 
order  that  cliis  defcending  weight  may  caufe  another  weij^ht  to  afi:cnd,  or  may  overcome 
fomc  rcfiftance  in  the  way  of  work  with  that  degree  of  fpecd  which  dial!  be  the  mod  pra- 
iitable,  it  is  ncceflary  that  the  refiftance  or  woik  10  be  done  (hould  be  neither  too  great  nor 
too  little.  If  it  be  too  great,  the  Qowiicfs  af  operation  will  diminlDi  the  quantity  of  work ; 
and  if  it  be  too  fmall,  the  fpccd  will  not  fufficiently  compenfate  for  this  fmalhicfs.  When 
the  power  is  therefore  known,  it  remains  to  deduce  what  may  be  the  rffe£l.  But  \a  the 
firll  place,  as  the  height  from  which  the  water  flowing  in  a  river  may  have  dcfccndcd,  in 
order  to  acquire  its  velocity,  is,  from  a  variety  of  circamllanees,  difficult  to  be  afccrrained, 
and  alfo  very  different  from  that  height  which  would  immediately  and  without  impediment 
produce  the  fame  velocity,  it  becomes  ncccfiary  to  compute  this  lafl  height,  which  hydro- 
JUtical  writers  ufualiy  call  the  height  of  the  virtual  head,  Thcfe  writers  teach,  that  the 
velocity  of  a  Huid  fpouting  through  an  oriBce  in  a  thin  plate  is  the  fame  as  would  be  ac- 
«)uircd  by  a  body  fsliing  in  clear  fpace  from  the  height  of  the  furface  of  the  fluid  above  the 
orifice.  Hdiice,  from  the  common  doftrine  of  falling  bodies,  if  t!ie  uniform  velocity  of  a 
itream  be  enprefled  in  feet  per  Cecond,  the  virtual  height  of  the  fall  will  be  found  by  mul- 
tiplying the  given  velocity  into  itfclf,  and  dividing  the  produft  by  64,288a  %  the  quotient 
will  be  the  required  height  exprcfled  in  feet  *. 

The  effeft  of  underlliot  and  overflioi- wheels  has  been  treated  by  various  authors,  who 
have  given  refults  extremely  different  from  each  other.  Smeaton,  in  the  Treatife  often 
quoted  in  the  courfe  of  this  communication,  obferves,  that  BeUdor  in  his  ArchiteftureHy- 
dranlique,  i.  1B6,  endeavours  to  demonflrste  that  'water  applied  nnderlhot  will  do  Itx 
times  more  execution  than  the  fame  applied  overfliot ;  while  Defaguhers,  whom  he 
(Smeaton)  mlfquoles  by  overlooking  the  difference  of  fall,  is  faid  to  have  given  the  advan- 
tage as  ten  to  one  in  favour  of  the  overfhotf.  The  particular  experiments  of  Smeaton 
himfelf,  as  well  as  his  experience,  point  out  the  following  refults. 

The  effcfl  in  underlliot -rrti lis  in  the  large  way  is  at  befl  one  third  of  the  power ;  that  ts 
lo  fay,  the  wheel,  being  driven  witB  two-fifths  of  the  velocity  of  the  ftream,  will  ralfe  a 
quantity  of  water  equal  to  one-third  cf  the  cohimn,  which  flrikca  the  Jloat-boards,  to  ati 
height  equnl  to  that  of  the  virtual  head  or  fall  :■  and  the  effefl  of  an  overfliot- wheel  will 
be,  at  a  medium,  twice  that  of  the  underfliot.  Mills  having  a  breafl-wheel,  or  other  kind 
of  wheel  on  which  the  water  a£la,  partly  by  its  weight  ;ind  partly  its  impuH'e,  will  produce 
more  or  Icfs  effetl,  accordingly  as  the  circumftances  approach  more  nearly  to  thofc  of  the 
over  or  undcrlhot-wheels. 

For  riie  advantage  of  fuch  as  are  leaft  convcrfant  in  fubjefls  of  this  nature,  for  whoBi 
chiefly  the  prcfent  memoir  istntended,  I  fliall  illuftrate  the  fnbjeft  by  an  example. 

Kuppsfe  3  ftrcamto  pafs  through  an  effaic  without  any  evident  fall,  with  a  velocity  Of 
nine  feet  per  fecond,  and  afibrding  lufficient  room  to  place  an  underQiol-whecl  with  a  pTO» 

m  The  proof  of  ihii  is  fimplr,  but  mpy  ilfo  be  feen  in  Dcriciilien.  ii,  no  — Tliofr  who  ufe  logariilinn  may 
wrthWi  trtiMt  faitraft  Iht  a^^eitl  lig.  i.icii^tt  J.om  Ivkt  itt  /tg.  cf  lir  vi/ict^,  airJ  lit  •imdhiltr  ^i^iU h  tit  Itg, 
,/  lU  vIrltJ  iti^tt. 

f  The  proportion  of  work  of  die  two  aftual  mill))  compared  by  Dt%ulli:rt,  it  as  3,*s  to  1  in  favour  of  tb». 
•vcrlliot. 
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per  numb«r  of  float-boaidi,  each  fix  feet  long  and  iwo  dscp :  It  is  required  to  determine, 
ift,  What  quantity  of  water  might  be  raifcd  by  that  power,  during  the  day  often  hour;> 
to  the  height  of  thirty  feet  ?  or,  adiy,  What  number  of  buflieU  yf  wh^Mi,  or  malt,  might 
be  ground  in  tlic  fame  time?  or,  3dly,  What  number  of  men  or  horfcs  might  this  wheel 
fuppljr  the  place  of,  in  performing  any  other  kind  of  work  or  manufa£hire  ? 

Ill  the  firft  place,  to  find  the  virtual  fall,  multiply  ,9  feet  by  itfelf,  which  pvcs  81,  and 
divide  this  by  64,3882 :  the  quotient  will  be  1,16  feet. — Again,  the  furfacc  of  the  float 
being  6  feet  by  2  feet,  is  12  fquare  feet;  which,  multiplied  by  the  velocity  9,  gives  108  = 
the  number  of  foHd  feet  of  water  which  hat  in  efFefl  fallen  from  the  virtual  head  in  a  fe- 
cond.  But  this  power  will  panly  be  confumed  in  producing  eddies  and  lateral  motions, 
and  partly  remain  uncommunicaled  in  the  tail  water  as  it  fl'iws  off.  lor  which  tea- 
fons,  as  has  already  been  remarked,  the  effect  will  only  be  one-ihird  of  the  power-  That 
is  to  fay,  one-tliird  pan  of  108,  or  36  cubical  feet  of  water  will  be  raifed  in  a  fecond 
to  the  height  of  1,26  feet.  The  queftion  however  is  direfled  to  tlic  height  of  thirty  feet, 
and  the  quantities  of  water,  or  other  weights,  raifed  by  equal  powers,  arc  iuverfely  a» 
their  heights :  that  is,  30  feet  :  1,26  feet  ::  36  cubical  feet  :  [,512  cubical  feet  raifed 
30  feet  in  a  fecond.  Hut  the  hour  confifts  of  360D  fecondi,  and  the  day  of  ten  hours, 
=  3600O,  which  multiplied  by  1,512  produces  544.32  cubic  feet,  or  6437  hoglhcads^ 
(reckoning  the  gallon  at  231  folid  inchesl  which  are  raifed  30  feet  in  the  day". 

With  regard  to  the  operation  of  grinding,  it  is  allowed  that  about  3420  cubic  feet  of 
water  with  a  fall  of  10  feet  will,  by  an  ovcrfliot  wheel,  grind  one  buHiel  of  wheat  into 
flour,  and  the  fame  force  will  cut  6tc  quarters  of  malt.  But  our  underlhot  wheel  will 
only  do  half  the  work.  From  the  foregoing  calculations  our  dream  is  equivalent  to  13,6 
fohd  feet  per  fecond  with  a  fall  fff  ten  feet,  or  816,5  folid  feet  per  minute.  Therefore 
ai  3430  cubic  feet  :  one  bufliel  of  wheat  :  :  816,5  cubic  feet  :  0,239  of  "  bulhci  which 
would  be  ground  per  minute  by  an  ovcrfliot  wheel  ■,  or  0,1 195  by  our  underlhot  wheel. 
This  laft  number  multiplied  by  60  produces  7^,7  bulhels  per  hour,  or  nearly  72  buflicls,. 
or  9  garters  of  wheat  per  day  of  ten  houis.  And  by  the  proponion  of  malt  to  wheat 
jull  mentioned,  it  will  follow  that  360  quarters  of  the  former  grain  might  be  cut  in  tJie 
fame  time. 

Animal  Itrcngth  is  of  fo  flu<51uaiing  a  nature,  that  it  is  diiEcuh  to  fubjefl  it  to  anf 
cfllmaie.     Phjrf'C^    caufcs    muft  afiefl  both  the  quantity  atid  duration  of  the  efibrts- 

*  ThU  ii  an  ouilidc  ellimate,  and  girei  noallowince  for  friftions  anil  erran  in  die  conQru3bn  of  the  hf»i 
diaulic  woik-  Tbe  reaAion  io  Smedion's  Expcrimcnti  wat  aJordcd  mEMy  by  a  weight  and  pulley,  which, 
is  greaJjf  b  favour  of  ilit  fnil!  in  deducing  the  efftft.  I  Rod  in  tlie  "  Bcpart*  of  ihe  lale  Mr,  John  Smcaion, 
F.  R.  S.''  printed  in  4nano.  London  1797,  the  power  of  the  water  called  "  Hubljsn'i  mill  ftrcsm''  U  deductd. 
from  the  quamiiy  aod  fall,  ( p.  14J. )  b;  a  rule  which  he  do<E  not  mention,  but  i>  cndenilf  ihiti  for  overlhot  at 
ilofe  breaA  wiieeli  1  Miiiiifl/  ibe  number  tf  cnhU  fetl  ^  ■water  difcbargtd  ptr  tmnais  Ajf  (it  fail  in  feel:  itii 
uwnla-  may  be  calUd  tbe  fmoer.  OiwJe  tbe  fowerfy  tav,  aati  ihi  ^aaiieiU  maj  he  cMifdibt  f^eB.  Affumt 
oHj  ti-iibt  ai  ^Uafure  ia  ftti  I  d't-uiiU  tbuffiB  bj  ihe  Uighi,  and  ibe  quotient  viiU  be  tbe  caiit  Jeet  of  VMUtTf, 
KttbUb  a  giiO'l  byi/tnulic  affaraim  -aiU  raife  m  ibal  beigbl  prr  minitle. 

The  underlhoi  wheel  witl  raifc  half  thjt  quantity  ■.  oc  in  ^tiieral  lefi  than  onc.fixlh  of  the  pou'er. 

I  haverciaiDcd  the  projffinianof  thGTreadfc  on  milli  inihetcitibccauTeth;  ratio  of  thc-ctfcQ  totUepawee 
CU>be  eafilj  altered  at  pleaTurc  iiiMmputing. 

[lOinbl*  ■ 
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pofTible  to  be  made  either  by  man  or  bcaft,  and  ihe  former  is  more  particularly  influenccil 
by  liis  moral  habits.  From  thefc  lad  it  is  that  the  iafluence  of  reward,  the  cxpeQation 
of  favour  or  patronage,  and  various  other  fimilar  motives,  have  operated  in  the  temporary 
exhibition  of  hydraulic  machines,  <o  produce  rcrults  contrary  to  every  found  deduftioa 
from  permanent  work,  and  moft  pcrnicioufly  duluiivc  to  the  parties  concerned  in  fup- 
jiorting  i>r  encouraging  futh  engines.  Defsguliirs",  who  has  taken  much  pains  to  afccr- 
tain  the  maximum  of  power  in  diis  refpeft,  has  determined  that  a  man  can  raife  of  water, 
or  any  other  vveight,  about  550  lbs.  or  one  iiogfliead  ten  feet  high  in  a  minute ;  and  hp 
(lares  tliat  a  horfe  will  raife  fixe  time!  that  quantity;  or,  which  is  tht  fame  thing,  that 
<|uantlty  through  five  limes  the  height.  His  deduflion  refpeding  the  man,  though  he 
fays  it  will  hold  pjod  for  fix  hours,  appe?r5  from  his  own  fatls  lo  be  too  high,  and  cer- 
tainly fueh  as  could  not  be  maintained  one  day  after  another,  Smeaton  t  confideis  this 
■work  asthe  eflbrt  of  h.ifte  or  dillrefs.  He  reports  J  that  Gx  good  Englilh  labourers  will 
be  required  to  raife  !t  141  folid  feet  of  fca  water  to  the  height  of  four  feet  in  four  hours. 
This  quantity  is  of  the  fame  weight  as  2l66(;  cubic  feet  of  frclh  water,  with  which,  and 
ihc  above  rale,  it  will  be  found  by  an  cafy  calculation  that  the  men  will  raife  a  very  Utile 
more  than  fii  cubic  feet  each  to  the  height  of  ten  feet  in  a  minute.  But  the  hogftiead  con- 
t.iining  84  cubic  feet,  Smeaton's  allowance  of  work  proves  Icfs  than  that  of  Defagulicrs  in 
the  proportion  of  6  to  V^.  And  as  his  good  Engllfh  labourers,  who  can  work  at  this  rate, 
arc  by  him  edimated  to  be  equal  to  a  double  fet  of  common  men  picked  up  at  random  ;  it 
feems  very  proper  to  ftatc  that,  with  the  probabilities  of  voluntary  interruption,  and  other 
incidents,  a  man's  work  for  many  days  together  ought  not  to  be  cilimated  at  more  than 
half  3  hogOiead  raifed  ten  feet  high  in  a  minute.  In  the  fame  report  laft  quoted,  Sroeaton 
'  ftates,  that  two  ordinary  horfes  will  do  the  work  in  three  hours  and  twenty  minutes,  which 
amounts  to  a  little  more  than  two  hogibeads  and  a  half  j  raifed  ten  fcct  high  In  a  minute. 
One  horfe  will  therefore  do  the  work  of  five  men. 

To  apply  ihefc  dedadlions  to  our  example,  it  mud  be  recollefled  that  the  quantity 
raifed  in  ten  hours  to  the  height  of  thirty  feet  was  inferred  to  be  6437  hogflieads,  which 
are  equivalent  to  32  hoglheada  raifed  ten  feet  high  per  minute.  Confequcntly  at  the  rate 
of  one  man  for  each  half  hogftiead,  the  ftrcam  would  perform  the  work  of  64  men,  or 
nearly  thirteen  horfes. 

With  regard  to  llreams  which  fall  by  a  confiderable  declivity,  the  water  may  te  con- 
veyed by  the  well  known  means  of  a  dam  or  trough  to  the  buckets  of  an  overlhot  wheel, 
placed  in  that  part  of  the  fiream  which  is  found  the  moil  convenient  in  point  of  expcoce 
and  local  fituation.  Suppofe,  for  example,  the  fall  amounted  upon  the  whole  to  fifteen 
feet,  upon  a  length  of  200  yards,  it  might  be  more  convenient  to  lead  the  whole  flream  in 
a  wooden  trough  fupportcd  upon  pods,  with  a  flight  declivity,  to  the  wheel  near  the  lower 
end  "f  the  current ;  or  in  other  circumflances,  according  to  the  face  of  the  land,  the  work 
might  prove  cheaper  or  more  durable  if  the  wheel  were  placed  near  the  upper  end  of  the 
dream,  and  the  channel  funk  fo  as  to  convey  away  rhe  tail  water  with  no  more  fall  than 
fliould  be  iieceiTary  for  that  purpofc.  In  this  cafe  it  is  obvious  that  the  faU  mud  be  afcer- 
•  Courfcof  Uftures,  ii.  491,  ;o;,  ;j6.  f  Re  pom,  i.  116.  J  Ibid.  i.  3*3. 

§  Heelfeivhtre  (iUid.  p,  jig.)  raut  an  horfe  ai  ajo  hogiheads,  ub  feet  tugh,  in  an  hour  j  but  I  prefer  the 
iedliaioointlieiGXt. 
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tained  by  the  operation  of  levelling,  and  not  by  computation  as  in  our  former  fuppofiiion. 
This  operation  is  cafy,  and  may  be  performed  upon  fuch  fiiort  diftances  with  TuiEcicnt  ac- 
curacy, wirh  i  carpenter's  fquarc  and  a  flaff. 

For  iliiB  purpofc  it  will  be  neccflary  to  drive  a  pin  into  the  handle,  or  thickcft  part  of 
the  fquate,  near  the  corner,  upon  the  flat  (idc.  A  line  mull  be  drawn  from  the  pin,  pa- 
rallel to  the  edge  of  this  handle,  and  a  looped  thread  fupporling  a  fmall  weight  muft  be 
hung  upon  the  pin.  In  this  fituaiion  the  inltrument  ij  ready  for  taking  levels.  For  if  it 
be  Iield  in  fuch  a  polition  tliat  the  plumb  line  may  cover  the  line  drawn  from  the  pin,  the 
blade  will  he  horizontal,  and  by  looking  along  its  upjier  edge  the  eye  will  be  directed  lo 
fome  objeft  on  the  fame  level  wiih  itfelf-  Let  the  obfcrvcr  provide  himfclf  with  a  ftaff 
five  or  fix  feet  long :  which,  if  divided  into  feet  and  inches,  will  be  ihc  more  ufeful. 
This  is  to  be  pitched  at  or  near  ihc  lower  end  cf  the  (Ircam,  and  againft.  it  the  obfcrvcr 
is  to  prcfs  the  handle  of  his  ftjuare,  wliich  may  be  conveniently  done  by  grafping  both 
it  and  the  ftalT  together  in  the  fame  hand.  Then,  holding  the  apparatus  fo  that  the  plumb 
line  may  lie  fair,  he  is  to  direct  the  blade  of  the  ft]uare  to  fome  ftone  or  other  remarkable 
objetl  higher  up  the  Itreani ;  ior  which  purpofe  it  will  be  neceffary  to  Hide  the  handle  of 
the  fquare  up  or  down  the  flafftill  the  pofitions  arc  accurately  obtained  ;  that  is  to  fay, 
till  the  blade  points  fairly  to  the  object  at  the  fame  time  that  the  plumb  line  denotes  that 
the  blade  is  level.  When  this  is  done,  a  memorandum  muft  be  taken  of  the  feet  .-ind 
inches  from  the  bottom  of  the  ftaffto  the  upper  edge  of  the  blade,  and  the  obferver  muft 
proceed  to  the  (lone  or  objetll  to  which  his  fight  was  dlteifled,  and,  planting  his  ftaff  there, 
repeat  the  fame  operation  with  regard  to  fome  other  objcti  ftill  higher  up  the  (Ircam,  and 
again  note  down  the  feet  and  inches  obferved  upon  the  ftaff.  This  proccfs  continued 
will,  by  a  few  reiterations,  bring  him  to  the  upper  cKtrcme  of  the  water  which  we  fup- 
pofe  to  be  within  his  grounds  or  power.  The  fum  of  all  the  mcafurcs  taken  upon  tlie  ftaff" 
is  the  diiFerence  of  level  or  whole  fall  of  the  water.  The  quantity  of  water  in  cubic  feet 
may  be  afeertained  by  either  of  the  mcarai  before  mentioned ;  or,  if  the  llream  be  Tcry 
fmall,  it  may  aflually  be  dammed,  and  mcafured  off  with  two  tubs  Oi  mCafures,  o£  as. 
large  a  (izc  as  can  conveniently  be  managed. 

I  Qiould  be  inclined  to  apologize  to  fuch  of  my  readers  as  are  intimately  acquainted 

with  ihefe  fubjeds,  for  the  minutenefs  of  detail  into  which  I  have  entered,  if  F  were  not 

affared  that  they  will  be  the  firft  to  perceive,  that  m.my  individuals  who  poiTefs  beneficialt 

flrcams  are  totally  uninformed  oi  their  value,  or  of  the  means  of  determining  the  fame. 

(Tube  coDlinucd,) 
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EnquirUt  mattralng  the  Invtiitinn  and  PraRla  of  tht  Art  of  Hat  mahing. 

To  Ma.  NICHOLSON. 
SIR;  Newcaftic,  ijih  D«c.  n^g, 

A  OUR  Publication  being  open  to  enquiries  relative  to  the  advancement  of  manufac- 
tuics,  aa  well  as  the  fclences,  will  you  favour  me  with  a  place  for  the  following  guetica„ 
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Art  ^  Hat-maiing.^-Chtn^eat  Vtltnatmt, 


on  »  bufinefB  but  little  known  ?  And  probably,  amoagft  your  fubfetiberi,  itey  mtf  1 
•  □fwered  ilirougti  the  fame  medium. — How,  and  at  wh»t  time,  was  hat-making  invented, 
and  by  whom  ? — Were  tlicte  ever  any  engine*  nude  ufe  of  in  (hat  buGncTs  ? — Arc  (here 
any  at  prefcnt  f  Andif  fo,  in  what  part  of  the  coumry  are  ihcy  made  ufe  of?  And  how 
far  do  ihey  go  io  the  proccfi? — Arc  there  any  machine*  for  the  cutting  of  hare,  rabbit, 
or  beaver  Iklni  ?  And  if  any,  where  arc  they  woikcd  ?— Your  iiifening  the  above  in  your 
ocjt  number  wUI  oblige,  Sir,  yoars, 

N.t. 

There  is  no  mention  made  of  the  above,  either  in  [be  TranfaQion}  of  the  Roy^il  Society 
of  London,  or  in  Bcckman's  Hillory  of  Ini 


THE  above  did  not  coroe  to  hand  cariy^enotigh  for  me  to  make  any  enq>iiries  rcfpccl- 
ing  ihc  invcniion,  hirtory,  und  praflicc  of  the  art  of  hat-making.  Refearches  of  the  kind 
pointed  out  by  this  correfpondcnt  arc  pcculiaily  a;i3picd  to  il.e  views  and  intention  of  a 
Journal  of  the  Ans  t  and  I  hope  he  will  not  be  difsppointed  in  hit  cxpcflaiiona  from 
others  of  my  readers,  whofe  purfuits  may  have  enabled  iheni  to  tlirow  light  upon  the 
fubjeft.  At  all  events,  I  fliall  certainly  have  fome  information  to  communicate  in  ih« 
next  number,  whicli,  for  want  of  time,  I  cannot  at  prcfcni  atTange  and  dtgcQ. 

W.N. 


Kno  Ohfervations  i 


n  the  Method  ef  producing  very  loud  Fulm'inalions  tvil 
Means  afPhefpborui*.     By  Cit.  BsuCNATBLLI. 


s  BodlfSt  ff 


J.  WAS  aware  that  the  oxygenated  muriate  of  potafli  produces  cffefls  fuperior  Io  oiirc, 
when  mixed  with  charcoal  and  fulphur  and  converted  into  gunpowder ;  that  it  detonates 
by  percullion  or  trituration  with  a  great  number  of  combudible  fubllances ;  but  I  did  not 
cxpe£l  to  produce  cfTeAs  much  more  confidcrablc  by  ufing  the  fimplc  nitrates,  and  even 
the  metallic  oxides  mixed  with  pliofj^borus  and  ftruck  with  a  hammer. 

Experiment  I.  I  took  a  gros  of  the  cryftalilzed  nitrate  of  filver,  which  I  placed  on  on 
heavy  anvil,  and  hid  a  very  lliio  flice  of  phofphorus  in  the  midft  of  the  cryftals.  The  tenv- 
perature  of  the  atmofpherc  during  thefe  experiments  was  not  higher  than  6°  above  the 
zero  of  Reaumur's  thermometer.  The  materials  being  thus  difpofed,  I  ftruck  the  mixture 
rather  fmartly  with  a  hammer.  The  confe(|uence  was  one  of  the  moil  terrible  detonations 
Icverwimeflcd,  which  fliook  the  anvil  and  its  wooden  I'upport.  Streaks  of  filvcr  were  ob- 
ferved  upon  the  anvil  five  or  fix  lines  in  length.  One  of  ihe  edges  of  the  hammer  was 
bended  and  turned  upwards.  I  was  perfe£lly  llunned,  and  my  clothes  were  torn  in  various 
places. 

•  Tranflated  by  Van  Mom  from  the  Italian  manufcript  of  the  author  into  French,  anw  iatrtcd  ui  the  Anna- 
Jet  lit  Chinii«,  xxvij.  ji.  j  from  which  work  ike  pre&ni  (tauilatioo  i*  made. 
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I  linve  frt (juently  repeated  the  fiBie  experiment,  even  in  my  Icflurcs  1  anj  iKougli  I  ope- 
'  Tilted  with  no  more  th»n  a  few  grains  of  the  fjlt^  tlie  uoife  ijf  the  cxplofjon  was  never  Icfs 
than  tliat  of  a  nmfcjuct. 
,   The  lapis  iiiferiialis  lias  nearly  t!ic  fame  cJlifl  as  the  nitrate  of  filver. 

Evfieiim^nl  1.  I  placed  on  an  anvil  a  pinch  of  the  oxygenated  muriate  of  potaHi  with  a 
fmall  ponion  of  phofphorus,  and  ilruck  the  mixture  witli  a  hammer.  The  detonation  wa» 
cxcelfivcly  (Irong. 

fixptriiiieni  3.  The  dry  nitrate  of  bifmuih  detonated  very  ftrongly.  The  fame  effsia 
was  proiliicfd  with  all  the  metallic  nitr.ites  which  were  to  be  found  hi  the  laboratory,  and 
particularly  with  the  nitrate  of  tin. 

£.\perimeiil  4.  I  repeated  the  fame  experiment  with  the  fufcd  nitrate  of  mercury,  of 
which  I  put  fix  grains  wiih  a  fma!l  quxmity  of  phofphorus  on  an  anvil,  and  ftrucl:  them 
■with  a  hammer.  Tlic  phofphorus  (Imply  took  fwt?,  wiiliout  producing  any  ndifi? :  but 
when  the  hammer  was  (lightly  licated,  the  fame  mixture  dflonated  with  a  flioeliinj^  noifr. 
After  the  fulmiiiation  the  mercury  was  found  reduced,  h.iving,  as  it  were,  filvcted  the  an- 
vil in  very  brilHant  radiations. 

E-Kperhnent  5.  I  aftcrwardi  tried  the  alkaline  nitrates,  particularly  that  of  pntafh.  When 
a  fmall  llicc  of  phofphorus  was  laid  on  a  pinch  of  nitre  and  (Ituck  with  n  cold  liammer,  no 
fulminatton  was  produced  even  by  repeated  blows  j  but  having  (lightly  heated  the  haip- 
mer,  in  order  that  the  affinities  might  acl  more  decifively,  the  very  firfl  blow  produced  a 
very  loud  fulmination,  incompar.ibly  ftronger  than  that  of  gunpowder. 

Experiment  (t.  I  obtained  no  fulmination  or  detonation  with  the  futphaies  of  alumir.c, 
of  copper,  or  of  iron  flrutk  with  phofphorus  in  the  beforc-nicntioned  manner,  though  I 
heated  the  hammer  more  than  ufual. 

Experiment  7. .  Neither  did  I  obtain  any  fulmination  from  the  (impic  muriate  of  fiivcr, 
commonly  called  luna  cornea,  by  the  fame  treatment  with  phofphorus. 

Expei-iwent  8.  I  likewife  tried  the  oxygenated  muriate  of  (liver,  obtained  by  decom- 
ppHng  the  nitrate  of  filvcr  by  the  oxygenated  muriatic  acid.  A  pinch  of  this  f.ilt  (with 
phofphorus),  ftruck  with  a  w.irmed  liammKT,  produced  a  much  weaker  fulmiuation  llian 
M'a3  obtained  with  the  cryflalllzed  or  fufed  nitrate  of  filver,  or  the  other  falts  before  men- 
tioned. The  oxygenated  muriate  of  mercury,  treated  in  the  fame  manner,  afibrded  a  very 
weak  detonation. 

Experimetits  g  and  lo,  I  endeavoured  to  produce  fulniinations  with  the  metallic  oxydc! 
treated  with  phofphorus,  Thofe  of  mangancfe,  of  line,  of  copper,  of  iron,  of  anrimony, 
and  of  lead,  produced  no  cffcfl,  even  when  llruck  with  the  hammer  confidcrably  heated  \ 
but  I  obtained  fulminations  with  the  yellow  oxydc  of  mercury  (turbilh  mineral]  and  iho 
grey  oxydc  of  the  fame  metal. 

Turbith  mineral  does  not  fulminate  In  coniafl  with  phofphorns  when  it  ti  pulvcrifed.- 
It  mud  be  in  a  lump  to  produce  this  ci3etl.  The  fame  thing  happens  with  regard  to  the 
grey  oxydc  of  mercury  by  the  nitric  an.l,  except  that  the  fulmimtion  li  lironger. 

Eiptriim/ili  ri  and  la.  I  was  curious  to  afcerialn  whether  1  (liould  obtain  Umilar  fnl- 
mina'ions  with  the  falts  before  mentioned,  by  fnbfllimliig  another  acldiliable  combuDible 
fobtlaucc  inflead  of  phofphorus}  as,  for  example,  fuljihur  and  charcoal. 

I  accordingly  took  nine  graihi  of  lapis  infernalis  and  three  grains  of  pulvctired  fulpbur, 
Vol..  Ih— Jak,  1799-  ^  I'  wliith 
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which  I  ftruck  with- the  cold  hammer.  The  fulphur  took  fire  without  afFbrding  any  noife  | 
but,  when  che  hammer  was  ufed  hot,  a  detonation  was  heard,  and  rays  of  filvcr  appeared 
on  the  anvil. 

Having  repeated  the  fame  experiment  with  lapis  infernalis  and  charcoal,  I  could  pro- 
duce no  more  tlian  a  very  dull  detonation,  though  the  hammer  was  well  heated. 

Experiment  13.  I  took  feveral  of  the  falts  which  had  fuhninated  by  the  flroke,  and  threw 
them,  together  with  the  phofphorus,  into  the  liquid  oxygenated  muriatic  acid  ;  but  no  de- 
tonation was  produced.  In  an  atmofphere  of  the  gas  of  the  fame  acid,  the  fulminating 
'  mixtures  burned  with  a  flight  crepitation,  fimilar  to  that  which  is  excited  by  phofphorus- 
alone. 

Experiment  14.  I  wrapped  mod  of  thefe  detonated  mixtures  in  fmall  pieces  of  paper, 
and  threw  them  one  after  the  other  into  a  red-hot  crucible.  They  burned  with  a  very 
lively  flame,  but  did  not  fulminate  nor  detonate. 

Conclusion. 

ift.  THE  nitrate  of  filver,  whether  cryflallized  or  fufcd,  fulminates  when  ftruck  with  a 
hammer,  together  with  phofphorus,  even  at  a  low  temperature.  E.rp.  i. — All  the  falts  of 
filver  do  not  fulminate  equall),  nor  in  the  fame  manner.    Ejip,  7. 

2d.  Moft  of  the  metallic  nitrates  fulminate  with  phofphorus.    Exp,  3  and  4. 

3d.  Common  nitre,  of  vhich  the  fulminating  property  was  before  known,  in  its  mixture 
with  various  combuftibles,  elevated  to  a  certain  temperature,  or  put  into  contaft  with  an 
inflamed  body,  as  in  gunpowder  or  fulminating  powder,  is  now  found  to  detonate  with 
phofphorus  aloue.    Exp.  5. 

4th.  1  hofe  falts  into  which  the  nitric  acid  has  tiot  entered  as  a  component  part  do  not 
fulminate.  .       . 

.  5th.  The  oxygenated  muriates  of  potafh,  of  filver,  and  of  mercury,  fulminate  with  phof- 
.phorus,  but  the  latter  with  much  lefs  effeft  than  many  other  falts.     E  p.  S  and  2. 

6th.  The  falts  are  not. th^  only  bodies  which  fulminate  with  phofphorus:  feveral  me- 
tallic oxydes  have  the  fame  property.     Exp  9  and  lo, 

yth-  Phofphorus  likewife  is  not  the  only  acidifijblc  and  folid  combuftibic  matter  capable 
of  producing  fulminations.  Chaicoal  produces  the  fame  efltdh  at  a  more  elevated  tempe- 
rature.    E^p>  1 1  and  1 2. 

8th.  '1  holt.'  lubftances  which  fulminate  with  phofphorus  produce  no  cfFc€t  when  throw». 
into  the  liquid  oxy^i  natetl  muriatic  acid.   Exp.  13.— Neither  do  they  fulminate  when  ex- 
pofed  together  with  phofphorus  to  an  elevated  temperature.    Exp,  14. — The  blow  of  the 
hammer  is  neceiPary  to  throw  the  component  parts  of  thefe  bodies  into  a  ftatc  of  ofcilla-. 
tion,  in  order  to  determine  the  affinities  with  efted. 


JDDITION  Br   VAN   MONS. 
THE  fafts  obfcrved  by  the  learned  editor  of  tJie  Italian  Annals  of  Chcmiftry  appeared 
too  curious  ar.d  important  for  me  to  lot  any  time  in  repeating  his  cxpcrimentjS.     My  ftic- 
ccfs  was  as  follows : 
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Alt 


The  CTy(l<illircd  nitrate  of  Tilver  detonated  very  (Irongly,  emitting  orlv  a  weak  fljmc. 
.  The  ftlver  was  reduced  to  the  (late  of  a  hiackilh  oxydc, 

Lipii  infcrn.ilis  alfo  detonated,  but  mucli  more  we^ikly.  The  meul  was  complettly 
reduced- 

The  nitrate  oflin  fulminated  with  confidcr^ble  firenglh. 

TliC  fufed  nitrate  of  mercury  produced  a  flrong  cficil. 

The  dilTcrent  oxydes  tried  by  Brugnaiclli,  that  of  mangnnefc  excepted,  produced  nt> 
noifc  by  frifllon ;  and  the  detonations  under  the  ftrokc  were  at  Icall  doubtful.  The  o^ydei 
were  all  in  part  reduced,  ard  the  mixtures  burned  in  a  lively  manner,  throwing  out  ignited 
fparks  to  a  diftancc  ;  but  the  phofphotus  alone,  after  three  or  four  llrokcs  with  tjie'liam- 
mcr,  exhibited  the  fame  appearance. 

The  oiygensted  muriate  of  mercury  afforded  perceptible  marks  of  detonation. 

I  productd  ibcfc  fcvera!  fulrainations  without  healing  the  hammer  for  any  one  of  them. 
Friti^ion,  or  a  few  Oighc  previous  blows,  heat  t>;c  nutctials  fufficieniiy  10  caufc  the  n&'ciX  to 
take  place  wiih  the  fail  fmart  blow. 

-  I  tried  a  great  number  of  times  to  make  the  experiment  with  fulphur  and  lapii  infcrnalij. 
Ifl  feme  inflances  1  rubbed  thq  two  fubftanees  togcihcr  with  all  my  force  in  iron  or  marbic 
mortars,  and  in  others  1  (truck  them  with  a  heated  hammer  i  but  I  did  not  obtain  the  mod 
feeble  detonation.  The  matter  itfclf  did  not  even  take  Cte,  excepting  when  I  (lrui;k  it 
froartly  in  ap  iron  mortar  Clrongly  heated  with  a  pclUc  equally  hot.  I  wjs  not  more  fpr- 
tunatc  with  charcoal.  Slmiljr  experiments,  which  I  have  Gnce  tried  with  various  other 
fubA^iccs,  affirdcd  me  the  following  refults: 

The  nitrate  of  gold  by  evaporation  produced  a  louder  detona  ion  than  is  afforded  by  the 
<u,ygenatcd  muriates  of  alkali.  The  majbic  mortar  in  which  I  made  the  experiment  was 
covered  with  fmali  particles  of  exceOivcIy  thin  plates  of  reduced  gold.  The  n'.etal  fecmed 
to  have  undergone  a  very  liquid  fufion. 

The  muriate  of  mercury  detonated  with  a  force  at  leaft  equal  to  that  of  the  oitFatc  of 
gold.     The  metal  was  almoil  entirely  diilipated. 

The  nitrate  of  lead  produced  a  weaker  detonation  than  the  foregoing.  The  metal  was 
ibund  reduced, to  the  ilate  of  black  oxyde. 

The  oxygenated  muriates  of  amlmony,  zinc,  and  tin,  produced  a  much  weaker  effefl.  I 
fucceeded,  however,  once  in  producing  ?  very  ftrong  and  inftanuneous  detonation  witii  the 
fiinofthcfcfalts. 

'  The  oxyiles  cf  gold,  filver,  and  mercury,  by  fire,  were  found  to  occupy  the  firll  rank 
amo^g  the  fulminating  fubftanees.  Ilic  oxygenatod  muriate  of  potaQi  Ciocs  not  afford 
cftcOa  equally  cnnilant  with  ihofc  of  the  oxydes. 

,  The  Diyiic  of  leid,  va  its  liilTcTcnt  degrees  of  oxydation,  afTordcd  in  no  inAjnce  anv  ap- 
pearance but  that  of  inflammauon. 

.  I  formerly  exhibited  in  my  public  IciTSures  the  detonation  which  m^y  be  produced  by 
jKrcuflion  in  a  mixture  of  ihr  nitrate  of  poiatti  and  phofphorus.  I  had  even  produced  ex- 
plofions  fufHcicnily  violent  '  induce  the  audience  to  fuppofeih.it  I  operated  with  theoxv. 
geiiatcd  muriate.  1  fubmiticd  ibe  nitrate  of  ammoniac  to  the  fame  treatment,  and  pro- 
«!uced  a  dctoaation  Co  Icntblc  that  it  fliook  the  doors  of  my  laboratory. 
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The  nitrates  of  bafytcs,  of  ftrontian,  and  of  magnefia,  by  deficcatiotij  detoi.ated  witk 
nearly  the  fame  foice  as  the  nitrate  of  potafli. 

I  had  ilill  remaining  five  grains  of  the  oxygenated  muriate  of  ammoniac,  of  which  I  took 
tlie  half,  with  about  four  grains  of  phofphorus.  I  flightly  crufhcd  thcfe  two  fubftanccs, 
V  iih  the  intention  of  mixing  them  together,  when  a  detonation  fo  terrible  was  heard  that 
the  whole  houfe  was  alarmed.  The  phofphorus  was  for  the  moft  part  thrown  upon  my 
hat,  which  it  burned  for  a  long  time  before  I  perceived  it.  The  violence  of  the  blow  caufcd- 
the  hammer  to  fly  out  of  my  hands.  I  very  diftinflly  felt  it  raifed  by  tlic  exparifion  of 
the  giifcs.  The  other  half  of  the  oxygenated  muriate  of  ammoniac  was  placed  alone  upon- 
the  bottom  of  Uii  inverted  iron  mortar,  and  ftruck  rather  briflcly  with  the  cold  hammer.  The: 
firft  blow  caufcd  it  to  detonate,  but  no  light  was  difengaged.  I  regretted  that  no  more  of 
this  f.ilt  remained  to  make  the  experiment  with  fulphur  and  charcoal. 

I  alfo  (truck  the  nitrate  of  ammoniac  alone.  The  fourth  blow  caufed  it  to  fulminate.  X 
fay  it  fulminated,  bccaufe  the  detonation  was  accompanied  with  a  difengagcment  of  light. 

I  obtained  an  efl'eft  equally  confiderable  from  the  white  nitrate  of  mercury  and  ammo- 
niac. I  think  that  all  the  niiro-ammoniacal  triple  falts  will  detonate  more  or  Icfs  ftrongly 
with  phofphorus. 

1  was  defirous  of  trying  tljc  folid  oxygenated  muriatic  acid  j  for  which  porpofc  I  caufed 
this  acid  to  cryftallize  by  artificial  cold.     A  few  cryftals  of  this  acid  were  put  together,, 
with  a  fmall  piece  of  phofphorus,  upon  an  iron  mortar  placed  in  a  cooling  mixture.   When 
"   thefe  were  ftruck  with  a  hammer,  a  dull  detonation  was  heard  at  the  (ixth  or  feventh  blow*- 
Tlic  fufed  acid  was  projefted  to  a  diftance. 

I  repeated  a  great  number  of  thefe  experiments  with  pyrophori  and  the  phofphori  called- 
artificial  carefully  prepared;  and  in  almoft  every  cafe  I  obtained  a  detonation.  I  (hall  de-* 
fcribe  my  experiments  on  thefe  fingular  inflammable  preparations  in  a  feparate  article. 

Whenever  I  ftruck  the  before-mentioned  mixtures  with  a  heated  hammer,  I  always  ob-^ 
fained  a  weaker  detonation,  at  the  fame  time  that  the  inflammation  was  ftronger  -,  and  when: 
the  hammer  was  too  hot,  no  detonation  or  noifc  was  produced.     This  obfervation  I  had  al« 
ready  made  with  the  oxygenated  muriate  of  potalh ;  and  it  appears  to  me  to  explain  the- 
phenomena  of  detonation.     The  blow  with  the  cold  apparatus,  by  ftrongly  comprefling 
the  matter,  and  perhaps  exciting  fome  heat,  produces  a  partial  combuftion  of  the  phofpho- 
rus, and  confequcntly  engages  only  part  of  the  oxygen  of  which  the  other  portion  aflfumes^ 
the  elaftic  ftate,  and  produces  the  noife  of  the  detonation.    At  a  very  elevated  temperature 
the  efi'ecls  are  not  altogether  the  fame^    All  the  oxygen  is  at  once  employed  to  burn  the* 
combuilible,  whence  the  inflammation  is  the  ftrongeft,  and  no  detonation  takes  place.    In 
fa£l  it  is  obfervable,  that  the  more  fudden  and  fonorous  the  noife,  the  lefs  is  the  developed 
ment  of  fire  ;  and  the  contrary.     To  this  principle  alfo  is  referable  the  obfervation  made  by 
Brugnatelli,  which  I  have  found  to  be  true,  that  the  oxygenating  body  muft  in  fome  in — 
ftances  poflefs  the  form  of  a  lump  to  obtain  the  cfFeft;  becaufe  it  applies  too  extenfivelj; 
.  to  the  combuftible  matter  when  powdered. 

Thefe  experiments  fucceed  much  better  by  friftion  than  by  a  blow,  and  the  eflefls. 
take  place  more  readily  upon  a  rough  than  a  fmooth  body.  I  ufually  place  the  two  fub-^ 
ftances  on  the  bottom  of  an  inverted  marble  mortar,  which  is  left  rough  from  the  faw. . 
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TTpon  thefe  I  prefs  the  face  of  an  iron  hammer,  holding  the  handle  with  the  left  hand,  and 
fuddeiily  ilittc  the  hammer  forward  fo  as  to  produce  a  kind  of  IliocV.  In  this  manner  ihc 
detonation  or  noife  is  tikewife  more  dillin£t,  and  its  force  more  eaGly  determined.  Simple 
compreffion  produces  the  detonation  in  many  cafes. 

1  think  it  proper  to  warn  thofe  who  are  not  familiar  with  experiments  of  this  kind, 
that  when  the  operation  is  performed  with  more  than  a  grain  and  a  half,  or  at  moft  two 
grains  of  phofphorus,  there  will  be  danger  of  burning  their  hands  or'clothes  by  the  cxccfc 
of  this  combuftible,  which  flies  off  in  a  burning  (late, 

I  cannot  finilh  this  article  without  rclloring  to  its  true  proprietor  the  portion  of  hotiour 
which  is  due  to  the  difcoverer  of  the  detonating  property  of  the  oxyjjcnateil  muriate  bf 
pcrcuffion  or  (lrong,"frit"tion,  which  Citizen  Fourcroy  has  attributed  to  me  in  the  Me* 
moir*  he  has  communicated  to  the  National  Inftitute,  no  doubt  in  confcqueiicc  of  my 
having  mentioned  this  phenomenon  in  my  edition  of  the  Phitofophy  of  Cheniiilry,  under 
the' article  of  Oiygeimtfil  Muriates.  Profcilbr  Worker,  of  Bonn,  was  the  firil  who  ob* 
ferved  this  faift,  by  triturating  with  fome  force,  in  a  mortar,  a  mixture,  fcarcely  wcigliing 
a  grain  and  a  half,  of  three  parts  of  the  oxygenated  muriate  of  foda  and  one  part  of 
fulphur.  He  obtained  a  dctornition  which  rendered  him  deaf  for  fcveraldayg.  See  CrcU'*- 
Chemical  AmiaU  for  the  year  1792,  vol.  ii.  page  401. 


TUNNEL   BENEATH  THE   THAMES.. 

Reports,  with  Plans,  Sections,  &c.  of  the  propofed  Dry  Tunnel  or  PalTtigc  from  Gr.ivcf- 
«nd  ill  Kent  to  Tilbury  in  Eflcx,  demonflrating  its  Pra£ticability,  and  great  Importance 
to  the  two  Counties  and  to  the  Nation  at  large  ;  alfo,  on  a  Cannl  from  near  Gravefcnd 
to  Stroud,  with  fome  Mifccllancous  and  Pra£lical  Obfetvations.  By  R.  Dodd,  En- 
gineer. Cluarto.  28  pages,  with  3  plates:  viz.  i.  Plan  and  Setlions  of  the  propofed 
Tunnel.  2.  A  View  of  Gravcfend  and  Tilbury,  with  t'le  Seftion  of  the  River,  (hew- 
ing the  Strata  and  Depth  of  Water :  and,  3.  A  Map  of  the  Couiitty  within  twenty  Miles, 
of  Gcavefcnd.     London,  pnuted  for  J.  Taylor^  I79il> 

(Some  account  of  this  undertaking  was  given  in  this  Journal  a  few  months  ago; 
(II.  23(3.)  The  prefcnt  Reports  will  afford  faiisfaflory  information  of  its  detail  and 
progrcfs,  and   the  public  wIU  hear  with  pleafure  that  it  is  hkely  to  be  carried  into 

In  the  month  of  May  1798,  Mr.  Dodd  circulated  an  Introductory  Report  of  Addreff 
to  the  Nobility,  Gentry,  &c.  of  Efiex  and  Kent,  in  which  he  {ijtes  that  the  extended  fcale- 
of  commerce  on  the  river  Thames  forbids  the  conilruction  of  a  bridge  at  Gravcfend ;  but 
that  the  pradicc  of  making  pafljges,  tunnels,  or  drifts  under  rivers  has  been  adopted  lo 
great  extent  in  various  parts  of  the  kingdom  j  namely,  at  thc-coal  works  under  the  river* 
Tyneand  Wear,  and  at  U'hitchaven  under  the  very  ocean  ;  that  a  tunnel  is  a^ually  in- 
tended to  be  made  under  the  mouth  of  the  river  Tyne,  to  anfwcr  the  purpofcs  of  a  bridge 
foi  carriages  and  paffcngers ; — that  the  meafurc  now  propofed  will  favc  a  circuit  of  near. 
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fifty  miles  to  canriap^s  pafling  from  one  county  to  the  other ;  and  that  the  fituatlon  at  or 
rear  Grave  fend  is  peculiarly  eligible  from  its  natural  facilities,  as  the  greateft  part  of  the 
ground  to  be  pad'cd  through  is  chalk.  Thefe  obfervations  are  followed  by  the  propofal 
and  eflimatc  wlii.h  have  already  been  given  at  the  page  of  our  Journal  laft  quoted.  Mr. 
Dodd  obfcrvcs  that  12I.  per  running  yard  muft  be  confidered  as  a  liandfome  allowance, 
fince  it  ift  a  facl,  that  fome  of  the  muil  confiderable  tunnels  in  this  kingdom  on  a  fcale  of 
nineteen  feet  by  fcventeen,  which  is  larger  tlian  the  tunnel  at  prefent  recommended,  have 
been  executed  ai  that  price. 

On  the  18th  of  July  1798,  a  meeting  was  held  in  the  Town  Hall  of  Gravefend,  the 
EaiI  of  Darniey  in  the  chair  ;  when  it  was  refolved,  That  there  being  no  reafon  to  doubt 
\\\t  pracHcabiiiiy  of  fo  dtfirable  a  meafure,  the  co-operation  of  government,  the  affent  of 
the  neiLlibouring  land-owners,  or  ihe  willingnefs  of  the  public  to  fubfcribe  to  its  accom- 
pliftimert,  the  opinion  of  the  meeting  was,  that  transferable  fliares  of  lool.  each  would 
afford  the  bed  means  of  eflb£ling  it ;  and  that  a  fubfcription  fhould  be  opened  at  the  office 
of  Mefirs.  Evans  and  Son,  at  Gravefend,  for  its  fupport  and  encoura<;ement. 

In  the  report  and  eftimate  uhich  the  engineer  prcfcnted  to  this  meeting,  he  dates,  that 
frem  tl;e  aclual  furvey  he  finds  no  reafon  to  add  to  the  former  edimate,  but  rather  to  abate 
fon.cv»hat  more  than  ':oool.  on  account  of  thccxccUrnt  ch:  Ik  which  he  finds  will  be  af- 
^'orccd  .u  the  mod  eligible  place  for  the  excavation.  The  deviation  from  an  horizontal 
line- of  the  tunnel,  which  pafTes  at  about  thirty  feet  below  the  bed  of  the  river,  will  be 
four  inches  in  the  yard.  Sviveral  military  and  commercial  advantages  of  the  undertaking 
are  liktwife  clearly  dated,  and  an  edimate  given  of  the  cod  of  a  twelve  teet  tunnel,  ad- 
mitting carriages  to  pafs  only  one  way  at  a  time,  in  ca(e  the  fixteen  feet  tunnel  (Iiould  be  / 
thought  too  ex  pen  five.  In  the  fubfequent  obfervations  the  author  enlarges  dill  more  upon 
the  fame  ir.tered^ng  topics,  and  makes  a  comparifon  between  the  communication  bftun- 
ne4s  and  tlie  great  modern  improvement  of  iron  bridges,  which  lad  erecSlion  he  (hews  to 
be  much  lefs  durable,  and  more  liable  to  fpeedy  dedruflion  by  an  enemy,  than  the  tunnel* 
He  remarks,  tliat  the  dedruclive  cladic  fluids,  which  are  known  to  be  extricated  in  mines, 
cannot  afiecl  the  prefent  work  when  once  finid.ed,  becaufe  of  the  clear  communication 
wiih  the  external  air  at  botlt  ends  \  and  he  gives  fome  pradlical  remarks  on  the  difcovery  of 
inflammable  air  or  fire-damp,  which,  on  account  of  the  intereding  nature  of  the  fubjeft,  I- 
fliall  here  tranfcribe. 

"  On  entering  any  excavation  under  ground,  where  this  fire-damp  is  fufpecled  to  lie, 
the  candle  ought  to  be  held  in  the  left  hand  (the  fmaller  the  candle  the  more  to  be  de- 
pended upon),  and  the  flame  thereof  to  be  diaded  by  the  right-hand  fingers  being  placed 
horizontal,  and  on  a  level  with  the  top  of  the  flame  of  the  candle.  If  the  air  be  good,  and 
perfe£lly  free  from  any  inflammable  air  or  hydrogen,  a  fmall  brown  top  or  pinnacle  is 
feen  on  the  top  of  the  flame,  the  fame  as  is  feen  in  the  chamber  of  a  houfe;  but  on  ap- 
proaching the  real  fire-damp  another  top  or  fpire  is  feen  of  a  blue  colour,  above  the  brown 
jud  dcfcribed  as  ar.fing  therefrom  ;  and  on  advancing  a  dep  or  two  forward  the  damp  is 
commonly  more  clenfe,  and  confequently  the  appearances  over  the  candle  aflume  a  more  . 
feiious  afpcidl  by  the  brown  fpire  or  fmall  top  beginning  to  difappear;  another  dep  per- 
haps reduces  it  altogether,  on  which  the  danger  commences ;  and  the  fpire  or  top  fits  down 
;>ltogethcr  blue  on  the  flame.     At  this  lad  dage  it  is  not  fafe  to  proceed  further  without 
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great  clrcumfpe^lioii  juinctl  with  (tcadincfa:  a  little  further  the  blue  top  is  fccn  tube 
more  pcrfeifl  and  dcnfe,  which  if  gcner.il  through  the  place,  all  lights  (lio'old  be  eitin- 
giiillied,  and  the  workmen  be  made  to  c\u'n  the  place,  ^eihaps  on  advancing  a  very  little 
further  a  light  blue  bead  apptars  to  circumfcribe  ilie  other  dark  blue,  as  if  approaching  to 
flame,  and  having  a  more  than  ordinary  pointed  fpire  terminating  like  a  while  thread  ; 
and  the  danger  becomes  very  great  if  to  remain  any  time  in  this  poruion.  T,.c  ne\t  Hagc 
fhcw-s  the  fprents  to  have  taken  place,  which  fprcnts  are  (imilar  to  thofc  produced  by 
fqueezing  die  oil  from  the  rind  of  a  lemon  into  the  flame  of  a  candle:  at  this  period 
fometimcs  has  been  obfcrveJ  a  fnall  bufliy  dark-coloured  clou<l  han^ng  over  llic  top  of 
the  llame,  ftiO  mote  and  more  attrafling  the  fine ;  when  in  an  inftalit  perhaps  after  this  laft 
obfervaiion  the  whole  appearance  expands  into  fljmcs,  and  one  genera!  conilagvaiion  ta'ics 
place.  1  he  mifchicf  which  cufuei  is  in  propoiiion  to  the  accimuliied  quantity  of  this 
pernicious  vapour  ;  which  if  great  Hies  to  tiic  ncarcll  aperture  leading  to  the  almofphcrr, 
being  about  eleven  times  li;:htcr  than  common  air,  with  a  drealful  explofion  and  extraor- 
dinary eruption.  But  in  cafe  tlie  faid  fire-damp  or  inflammable  air  be  mixed  with  llyth, 
or  black  damp,  thefe  appearances  are  fomewhat  »aiied  j  and  by  being  mixed  with  a  very 
dark  brown  is  in  gencriil  nioic  fafe. 

*'  Black  damp  or  llych"  (lioubllefs  carbonic  acid,  or  hydro-carbonate)  "  which  arifes 
in  mines  is  diredly  the  revcrfe  of  inflammable  air  or  fire-damp;  the  former  extinguifhca 
the  flams  of  a  candle  as  quickly  as  if  put  into  water  or  any  other  fluid  i  ihc  Other 
caufes  the  candle  to  burn  too  faft.  This  (lyiU  or  black  damp  prevails  mod  where 
there  is  little  or  no  inflammable  air,  and  when  the  due  circulation  of  armofpheric  air  is 
neglc£\ed." 

It  was  of  clTential  confequencc,  by  way  of  (hewing  the  praflicability  of  the  prefent  UB- 
dertaking,  that  Mr.  Dodd  Ihould  imprcfs  the  minds  of  his  employers  with  the  fatt  that 
fuch  tunnels  had  been  made  with  fuccefs  on  a  much  larger  fcale.     For  this  purpofc  he  re- 
lates various  hiftorical  mailers,    betides  thofe  already  mentioned,  from  which  we  may 
notice,  that  the  carlieft  tunnel  for  inUnd  navigation  was  executed  by  M.  Riquet,  to  convey 
the  canal  of   Langucdoc  through  a  mountain  near  Dezicrcs.     The  firft  executed  in  this 
country  was  by  the  celebrated   Brindlcy  on  the  duke  of  Bridge  water's  canal  near  Mju- 
chefter.     The  next  is  the  famous  tunnel  of  fiare  CalHe  Hill,  in  Staflbrdlhtre,  by  the  fame 
engineer,  which  is  zSSo  yards  long,  and  palTes  tlimugh  a  vatieiy  of  fti-ata,.quickr3nd3,  ic, 
more  than  fcveniy  yards  below    the  furface  of  the  einh,  and  fcrvcs  as  the  receptacle  for 
part  of  Ihc  Grand  Trunk  Canal.   The  tunnel  of  b-ipirton  is  two  mile*  and  three  quarters 
',  long,  and  was  carried  through  two  miles  of  folid  rock.     Many  other  drifts  or  lunneU  have 
•  been  made  in  this  kingdom,  through  rocks  and  obftacies  of  various  kinds,  in  a  coutfc  of 
^  time  and  a(  expcnce  rouch  Icfs  than  WouM  be  apprehended  by  pcrfuns  unacquainted  with 
works  of  thi'i  nature. 

Mr.  Dodd's  report  and  tftimate  on  the  proieQcddry  tunnel  under  the  river  Tync  con- 
tains  illuftrationi  and  argumcni  of  nearly  ihe  fame  impoil.  His  pamphlet  concludes  wi;ii 
a  propofil  for  an  inland  canal  from  ihc  !  hames  near  Gravcfcnd,  to  the  Medway  near 
Suoudi  which,  by  a  fliori  courfc  of  about  fw  miles,  would  five  the  circuitous  and  Icfg 
cert-iin  paffage  of  forty-fcven  miles  by  ih*  way  of  the  Ngtc.  The  peculiar  advuntagcs  of 
this  cut  to  ihc  country  at  large,  and  to  tht"  i;[>vernnKnt  cUablifhments  on  thefe  riven,  as  well  ■ 
as  the  nature  of  the  giouud  ilf=lf,  »rc  ttiwgty  «n4  p«f  fpicuoufly  dated. 
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The  lafl  public  meeting  on  the  former  bufinefs  was  held  at  tbc  London  Tavfcrn  on  tlic 
3  4ih  of  Lift  month  (December) ;  when  it  appeared  bjr  the  Report  that  ihe  fubfcriptions 
r*irxunted  to  up\Aards  of  ten  thoufand  pounds.  7  he  managing  committee  of  fubfcribers 
•confifts  of  the  Earl  of  Darnley,  Lot*d  Petre,  the  Hon.  J.  T.  Townthendi  M.'P.  the  Hon. 
Robert  Petre,  tJir  William  Geary,  Bart,  M.  P.,  Mr.  Aid.  Lulhington,  M.  P.,  John  J.  An* 
pcrftein,  and  Claude  Scott,  Efqrs.  Lieut.  Col.  Twifs,  Royal  Engineers,  Capt.  Schank,  R.  N. 
T.  WondrufTe  Smith,  Efq.,  John  Mavor,  Efq ,  Geo.  Hawks,  Efq.,  and  Benjamin 
Karrilbn,  Kfq. — Claude  Scott,  Efq.  is  Trcafurer. 

The  undertaking  will  be  begun  and  carried  on  by  thofe  who  (hall  firft  fubfcribe  to  the 
propofed  fiiares,  which  are  three  hundred  at  a  hundred  pounds  each;  but  the  actual  work 
will  not  be  comir.cnccd  till  the  whole  fum  of  thirty  thoufand  pounds  fliall  have  been  fub- 
fcribed. 


A  fcUow-Iabourcr  in  the  caufe  of  fcicnce,  Mr.  A.  Tilloch,  obje£ls  totally  to  the  account 
I  gave  of  Mr.  Cartwnglit's  apparatus  for  rendering  the  piftons  of  fteam-engines  tight  by 
metallic  fittings,  at  page  365  of  the  prefcnt  volume.  As  the  whole  of  his  remarks  appear 
to  mc  to  be  obviouDy  erroneous,  and  the  matter  is  before  the  public,  1  mud  be  excufed  from 
entering  into  controverfy.  fie  will  himfelf  perhaps,  on  fecond  thoughts,  recolle£l  tliat  acir* 
c\ty  even  tliough  in  diameter  equal  to  that  of  the  earth,  will  not  be  converted  into  a  trian^c 
by  cutting  it  in  three  pieces  ;  and  that  it  is  abfurd  to  fuppofe  the  third  law  of  nature,  that 
0£lion  audre-aSlion  are  equal  and  contrary^  can  either  be  difpenfed  with  or  explained  away.  He 
will  then  probably  look  (not  to  the  vacuum,  but)  to  the  lower  plate  of  Mr.  Cartwright's 
pifton  for  the  re-a£lion  ;  which,  by  means  of  the  pifton  rod  and  the  work  required  to  be 
<lone,  is  made  to  a£t  beneath  the  moveable  pieces  of  the  apparatus,  while  the  (learn  prefles 
their  upper  furface  with  no  inconfiderable  force ;  admitting  its  elafticity  to  be  equivalent  to  a 
fmgle  atmofphere  only:  a  force  fufficient,  in  myapprehenfion,  to  prevent  ground  furfaces  from 
iliding  freely,  if  at  all,  upon  each  other.  But,  as  we  are  all  liable  to  miftakes  in  new  praSical 
matters,  I  could  have  wi(hed  that  Mr.  Tilloch  had  reafoned  lefs  difFufely,  and  referred  at 
once  to  tlic  fa£ls.  If  it  be  true  that  there  was  a  fleam-engine  at  work  fix  months  ago, 
when  Mr.*T.  invited  the  public  to  infpeS  it,  at  Mr.  Rowley's,  in  Cleveland -ftreet,  Mary- 
lebone  *  ;  or  if  he  can  bring  evidence  that  fuch  ai>  engine  has  been  at  work  for  any  con- 
iiderable  part  of  the  time  fince  he  publifhed  his  defcription,  and  that  the  facility  of  ope- 
ration, the  power,  and  the  durability  of  the  apparatus  are  fuch  as  he  conceives  them  to 
be  5 — I  cannot  but  think  that  he  has,  unfortunately,  overlooked  his  bed  argument.  To  this 
argument,  if  oflfered,  1  muft  grant  my  aflent  •,  and  1  beg  leave  to  aflure  him  that  I  fliall 
mod  readily  attend,  infpe£l,  and  report  concerning  this  engine,  if  he  or  the  inventor  will 
give  me  the  opportunity,  without  in  the  leaft  regarding  whether  this  part  of  my  duty  to 
^hc  public  fliall  confirm  or  overthrow  thofe  opinions  which  the  prefent  flate  of  the  fa£ls  hat 
compelled  mc  to  give. 

♦  I  went  there  at  ihe  time,  and  faw  the  parts  of  a  fmall  model  or  engine,  tvhich  was  not  at  work ;  aft^ 
Mpon  late  enquiry,  I  \indcrltand  there  is  none  there  at  prcfenr.  I  could  gain  no  information  whether  th«r«' 
^2«  any  engine  of  this  conftrudioa  at  work,  or  in  progrefs,  at  any  other  place. 
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ARTICLE  L 
On  the  Corundum  Stone  from  Afm.     By  the  Right  Hon.  CHARLES  GrBFILLM^  F*  R*  S  •. 


H 


Analyfi  cryftallonim,  tarn  ejufdem  qaam  diverfz  figune,  multum  lucis  fcienCia  ezpcdtat. 

Bergman,  Opufc.  de  Terra  Gemmanim. 


AVING  contributed  to  bring  into  notice  the  mineral  fubftance  from  the  EafUIndiesi 
which  is  generally  called  adamantine  fpar,  I  beg  leave  to  lay  before  the  Royal  Society  tho 
following  account  of  its  hiftory  and  introdu£kion. 

About  the  year  1767,  or  1768,  Mr.  William  Berry,  a  very  refpedable  man,  and  an  cmi- 
nent  engraver  of  (lone,  at  Edinburgh,  received  from  Dr.  Anderfon,  of  Madras,  a  box  of 
cryftals,  with  information  of  their  being  the  material  ufed  by  the  natives  of  India  to  polifh 
cryftal,  and  all  gems  but  diamonds.  Mr.  Berry  found  that  they  cut  agate,  cornelian,  &c. 
but  in  his  minute  engraving  of  ^ures  upon  feals,  See.  the  fuperior  hardnefs  of  the  diamond 
appeared  preferable ;  and  its  difpatch  compenfated  for  the  price :  the  cryftals  were  therefore 
laid  afide  as  curiofities.  Dr.  Black  afcertained  their  being  different  from  other  ftones  ob- 
ferved  in  Europe ;  and  their  hardnefs  attached  to  them  the  name  of  adamantine  fpar.  My 
friend.  Colonel  Cathcart,  fent  me  its  native  name.  Corundum,  from  India,  with  fome  fpeciment 
given  to  him  by  Dr.  Anderfon  in  1784,  which  I  diftributed  for  analyfis. 

When  the  native  name  was  obtained,  it  appeared  from  Dr.  Woodward's  catalogue  of 
foreign  foffils,  publiflied  about  the  year  17 19,  that  the  fame  fubftance  had  been  fent  to  him 
by  his  correfpondent  Mr.  Bulkley. 

In  his  firft  catalogue  of  foreign  foflils,  p.  6.  ^  1 7.  *'  Nella  corivindum  is  found  in  fields 
where  the  rice  grows  :  it  is  conmionly  thrown  up  by  field  rats,  and  ufed^  as  we  do  em^,  to 
polifli  iron." 

•  Fhilofophicai  Tranfa^tioiiSy  1798,  p.  403. 
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Page  II.  A.  13.  "  Telia  convindum,  Fort  St.  George,  Mr.  Bulkley.  Tis  a  talky  (par, 
ffiey,  with  a  cad  of  green :  it  is  ufed  to  poliih  rubies  and  diamonds." 

In  Dr.  Woodward's  Additional  Catalogue  of  Foreign  Foflils,  pubiilhed  in  1725,  p.  6* 
/!  10.  ^*  Nella  corivendum  is  found  by  digging  at  the  foot,  or  bottom,  of  hills,  about  Qvc 
hundred  nules  to  the  fouthward  of  this  place.  They  ufe  it  as  emery,  to  clean  arms,  Ac  it 
ferves  alfo  to  grmd  rubies,  by  making  it  like  hard  cement,  by  the  help  of  (lick  lac  mixt  with 
it.  Eaft-India.  Mr.  Bulkley."— TTiefe,  with  a  few  others  in  WoodHvard's  Catalogues,  ate 
the  only  inftances  by  which  any  author,  prior  to  1 768,  appears  to  have  noticed  this  fubftance. 

This  information  being  unfatisfaftory,  and  every  appearance  of  the  (lone  indicatmg  it  to 
be  part  of  a  ftratum,  I  wrote  repeatedly  to  friends  in  India,  to  afcertain,  if  poflible,  the  fitua- 
tion  of  the  rock,  and  if  near  the  fea,  to  fend  a  con(iderabre  quantity  as  ballaft,  with  a  view 
of  applying  it  to  cut  and  poliih  granites,  porphyry,  and  other  (lones,  which  the  high  price  of 
cutting  and  poli(hing  excluded  from  ufeful  or  ornamental  worL  But  my  inquiries  at 
Madras  were  fruitlefs  :  by  fome  I  was  aflured  it  came  from  Guzarat.  From  Bombay  I  ob- 
tained no  fatisfaftory  information.  At  laft,  in  the  year  1793,  I  obtained  a  fatisfa£lory  ac- 
count. Sir  Charles  Oakley  was  difpofed  to  oblige  me  :  he  was  then  Governor  of  Madras  ; 
and  his  fuccefs  is  due  to  the  aftivity  and  judgment  of  Mr.  Garrow. 

Mr.  Garrow  knew  how  diflicult  it  was  to  avoid  the  caufes  of  my  failure,  from  every- 
Hindoo  being  occupied  by  tlie  duties  of  his  call  j  fcarcely  thinking  on  any  thing  elfe,  and 
wherever  his  intereft  is  concerned,  being  fufpicious  and  refcrvcd.  Mr.  Garrow,  in  the  firft 
place,  afcertained  the  call  conneGed  with  corundum,  to  be  the  venders  of  glafa  bang/es ;  that 
they  ufed  it  in  their  bufinefs,  and  fold  it  to  all  other  cafts.  This  caft  of  natives  at  all  times 
had  free  accefs  to  every  part  of  Tippoo's  country ;  nor  until  the  diftrifts  about  Permetty 
were  ceded  to  the  Englifh,  could  it  be  procured  in  any  other  way.  Mr.  Garrow  depended 
on  his  perfonal  infpeftion  •,  the  particulars  are  contamed  in  the  following  letter  communi- 
cated to  me  by  Sir  Charles  Oakley. 

Sir  CHARLES  OAKLET,  Bart. 

"Sir,  Tritchinopoly,  lotli  Nov.  1792. 

•*  I  derived  fo  Kttle  (atisfaftion  from  the  various  accounts  given  me  of  the  corundum, 
from  the  indifference  of  the  natives  to  every  fubjeft  in  which  tliey  are  not  immediately  in- 
terefted,  that  I  relblved  to  afcertain  tlie  particulars  I  wifhed  to  know,  on  the  fpot  where  the 
ftone  is  found.  The  glafs-men  agreed  in  one  material  circumftance,  tliat  the  place  was  not 
far  from  Permetty :  in  other  particulars  they  difagreed,  apparently  with  intention  to  miflead. 

**  It  is  near  a  fortnight  fince  I  difpatched  a  fervant  I  could  depend  on  to  Permetty,  with 
one  of  thefe  people,  who  on  his  arrival  there,  probably  through  fear  of  his  caft,  faid  he 
knew  no  farther.  My  fervant  perfevered,  and  informed  me  he  Ivad  found  the  place  I  wi(hed 
to  fee. 

**  I  arrived  at  Permetty,  by  the  route  of  Namcul,  tlie  (Jth ;  and  learning  that  the  diftancc 
to  the  fpot  was  about  3i  hours,  or  14  miles,  I  left  Permetty  in  time  to  arrive  there  about  fun- 
rife  the  next  morning.  At  this  time  no  perfon  but  my  fervant  was  prefent,  and  from  a  con- 
tinued excavation  at  different  depths^  from  6  to  16  feet,  in  appearance  like  a  water-courfe, 

running 
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TUnnlng  m  length  about  a  mile  and  a  half  eaft  and  weft  over  the  brow  of  a  very  rifing  ground, 
I  faw  at  once  the  place  from  which  the  ftonc  was  procured.  The  prodigious  extent  that 
at  different  times  appears  to  have  been  dug  up,  with  the  few  people  employed,  (hews  that  it 
has  been  a  bufinefs  of  ages. 

**  The  ground  on  which  the  vein  of  excavation  runs,  and  of  courfe  the  mineral,  commands 
one  of  the  fineft  and  moft  extenfive  profpefls  it  is  poffible  to  conceive.  The  furface  of 
the  ground  is  covered  with  innumerable  fine  alabafter  (tones,  and  a  variety  of  final!  (hrubs, 
but  not  a  tree  fufficient  to  (belter  my  palanquin. 

"  There  is  not  the  appeaVance  of  aft  habitation  within  three  quarters  of  a  mile.  The 
neareft  village  is  called  Condr^ftra  Pollam,  In  this  village  are  about  30  fmall  thatched 
houfes :  among  thcfe  are  5  families,  who,  in  defcent  by  prefcriptive  tight,  arc  the  miners,  and 
dig  in  the  pits.  The  neareft  place  of  any  confequence  in  RenneFs  Map,  is  Caranel,  on  the 
fouth  fide  tlie  Cavery.  The  diftance  of  the  pits  from  the  river  is  abote  four  miles  5  but  the 
ground  between  prevents  its  being  feen  in  a  diredi  line.  A  fine  view  of  the  river  is  fecn  near 
Erode ;  which  fort,  as  well  as  Sankerdroog,  are  plainly  vifible  with  the  naked  eye,  as  is  alfa 
tlie  Coimbitoor  country,  fouth  and  weft  of  the  river,  to  an  immenfe  extent. 

"  I  procured  at  Permetty  a  cadjan,  from  the  Bramin  manager  to  the  head  man  of  the 
Follam ;  which  on  my  arrival  at  the  pits  I  fent  to  him ;  and  foon  after  three  of  the  miners 
came  from  the  Follam,  with  their  implements,  and  families  following  with  provifions.  A« 
they  came  up  they  inquired  of  my  fervant  how  they  were  to  addrefs  me,  having  never  feen 
an  European  before. 

**  I  followed  them  into  a  pit  in  the  line  of  the  excavation,  above  14  feet  from  the  ground 
level.  The  inftrument  they  ufed  is  a  very  heavy  iron  crow,  ending  in  a  broad  pomt,  with 
a  ftraight  wooden  handle  clampt  with  iron.  The  foil  they  cut  through  is  of  diflFerent  colours, 
but  compofed  chiefly  of  a  gritty  granite  \  and  at  the  depth  of  feven  feet  are  layers  of  a 
fubftance  not  unlike  dried  pitch,  which  crumbles  into  fmall  flakes  when  taken  out.  With 
coniiderable  labour  the  miners,  with  die  points  of  their  crows,  cut  out  feverai  pieces  of  the 
ftrata,  -of  fome  .pounds  weight  leach ;  and  when  a  con(iderable  quantity  was  broken  ofl^,  it 
was  carried  up,  and  cru(hed  to  pieces  with  great  force  by  the  iron  crow.  Among  thefe 
broken  lumps  the  corundun^  ftone  is  found  \  but  in  many  of  the  pieces  there  was  none» 
The  mode  of  getting  it,  made  it  difficult  to  get  any  with  the  ftratum  adhering  to  it  ^  thisj 
however,  after  feverai  trials,  I  obtained  very  perfe^i,  and  (hall  forward  to  Madras,  with  fpeci- 
mens  of  the  ftrata  at  different  depths.  The  ftone  is  beyond  all  comparifon  heavier  than  the 
fubftance  which  encrufts  it. 

^^  It  appears  extraordinary  how  this  ftone,  fo  concealed,  (hould,  under  fuch  di(Eculties,  have 
been  fought  for,  and  applied  to  any  purpofe ;  and  that  the  knowledge  of  the  few  people 
who  dig  for  it,  and  who  do  fo  from  father  to  fon,  is  confined  entirely  to  the  finding  the  ftone. 
For  they  told  me  they  knew  none  of  its  ufes,  and  that  the  labour  was  fo  hard,  and  their 
gain  fo  fmall,  that  they  would,  through  choice,  rather  work  in  the  fields ;  that  the  fale  of  it, 
from  the  fpot,  is  confined  folely  to  the  glafs-fellers,  who  vend  it  over  the  whole  country, 
and  who  had,  while  I  was  there,  above  forty  Farriar  horfes,  bullocks,  &c.  ready  in  the 
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Pollam  to  carry  it  to  Tlnnevdly,  and  the  fouthern  countries ;  through  which  tract,  if  tlic 
ftone  is  known  in  Europe,  I  apprehend  it  has  found  its  way  by  means  of  the  Dutch. 

<<  The  people  on  the  fpot  declare  it  is  to  be  got  in  no  other  fituationi  or  pbce,  whatever ; 
and  the  ftone^cuttcrs  tell  jnc,  they  can  do  nothing  without  it.  It  pays  no  duty  either  wherp 
dug  up  or  retailed. 

**  The  colour  of  the  ftone  is  either  very  light  brown,  or  purplifh,  in  the  proportion  of 
twenty  to  one  of  the  latter  j  but  in  ufe  no  preference  is  given,  and  they  are  ufed  equally. 
To  an  indiflcrent  perfon  the  moft  ftriking  circumftance  is  its  great  weight. 

"  As  the  fpot  I  have  been  fpeaking  of  now  compofes  a  part  of  the  Company's  territories, 
die  moft  minute  information  on  the  fubjed  may  be  acquired. 

''  I  felt  particular  fatisfa£tion  at  having  been  the  iirft  European  who  was  ever  at  the  place  % 
and  I  (hall  be  much  gratified,  if  the  account  given  meets  with  your  approbation. ' 

^  I  ihall  difpatch  a  load  of  the  ftone  in  a  day  or  two,  which  I  got  at  the  Pollam,  with 
the  charge  of  it.    The  diftance  from  this  place,  by  Namcul,  is  84  miles. 


<c 


The  charges  of  50/8.  weight  ef  Corundum. 
•*  Nine  Tritchinopoly  meafures  of  the  conmdum  ftone  weigh  jolb. 

« Average  and  Coft  at  the  Pits  *.  P.    F.  C. 

^  li  Madras  farams  per  meafure  «        -        -        -        •  o     13  40 

Cooley,  from  thence  to  Tritchinopoly  -        -        -        -  o    28  40 

Ditto  from  Tritchinopoly    -        -        •        »        .        -        -  113  40 


Pagodas  2     10    40 


*'  The  ftone  is  deliveied  by  meafures,  and  paid  for  at  the  Pollam  in  the  gold  fanam. 

•*  I  am,  &c. 
"Nor.  15, 1792.  "  EDWARD  GARROW.** 

This  letter  contains  very  interefting  topographical  obfervations  on  the  mine.  The  fpecimens 
fent  were  of  one  fort  of  a  greyifh  colour,  with  a  (hade  of  green.  The  entire  cryftals  which  I 
iele£led  among  the  broken  ones  were,  of  courfe,  few  in  proportion ;  but  with  the  addition  .of 
fome  diflin^i  cryftals,  which  Col.  Cathcart,  and  Capt.  Colin  Macauley  had  fent  me,  have  been 
fufficient  to  afcertain  the  ftrudure  and  form  of  the  cryftals,  of  which  an  analytical  deicriptioa 
will  clofe  this  paper.  I  (hall,  therefore,  now  fay  nothing  concerning  their  form,  but  pro- 
ceed to  give  an  account  of  the  varieties  of  corundum  ftone,  which  I  have  obtained  from 

India  and  Chixu. 

In  die  year  1 786,  Col.  Cathcart  fent  me  a  fmall  fragment  of  a  ftratified  mafs  from  Bengal^ 
with  this  label :  **  Corundum,  much  inferior  in  price  to  that  of  the  coaft."  It  is  of  a  purplilh 
hue;  its  {ra£iure  like  compact  fand-ftoncs;  and  a  confufed  cryftalUzaticm  aj^ars  in  all 

•  The  above  h  the  prime  coft.    I  have  been  infonned  by  correfpoadents  who  purchafcd  fome  io  retail, 
tlut  it  was  fold  for  about  fix  (luUings  a  pound  at  Madias. 

parts 
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parts  of  the  ftonCj  bv  fibres  of  ^  white  colour,  from  which  the  light  13  rcflefted  as  in  feld- 

fpar,  &c. 

I  have  fmce  obtained  a  larger  lump  of  the  ftone  of  the  fame  texture,  hut  rather  paler  in  its 
purplifli  hue.  Sir  John  Macgrcgor  Murray  informed  ihe,  that  it  it  called  by  the  natives  of 
Bengal,  corortiy  and  ufed  for  pplifliing  ftones,  and  for  all  the  purpofci  of  emery. 

Its  fpecific  gravity  is  3,876. 

Capt.  Colin  Macauley  procured  a  Itfmp  of  corundum  from  zfthuldar  (a  poliflier,  this  terra 
is  mod  appropriate  to  polifliers  of  fteel),  in  whofe  family  it  had  been  above  twenty  years,  em- 
ployed for  grinding  and  polifliiug  ftones  or  gems.  The  ufe  to  which  it  had  been  fo  long  de- 
voted, had  occafioned  grooves  in  its  furfaces  which  facilitated  greatly  the  examination  of  its 
ftrufture.  It  is  about  5^  inches  long,  3^  inches  broad,  and  above  two  inches  thick.  On 
one  of  its  broad  furfaces  are  two  oval  grooves;  one  of  them  is  four  inches  long,  one 
broad,  and  i  of  an  inch  deep.  On  the  oppofite  fide  is  a  fliorter  oval  groove,  above  at  inches 
long,  I  -i  inch  broad,  and  one  inch  deep.  In  tliefe  grooves,  the  ends  of  the  laminx  of  the  cla6 
refleft  the  light  like  the  cryftals.  It  ferves  as  a  fpecimen  of  tlie  fimple  apparatus  of  an  In- 
dian lapidary.  Stones  poliflied  in  thefe  grooves,  would  be  of  the  common  India  polifli,  and 
form  ^n  cahochorii  which  is  often  called  tallow-drop  from  the  French  lapidaries'  term  gouite 
de  fuifi  convex,  oval,  or  circular.  A  very  fmall  quantity  of  the  corundum  powder  would 
be  required,  as  the  aftion  of  the  powdered  corundum  and  gems  on  the  lump  of  conm- 
dum  would,  as  appears  from  the  depth  of  the  grooves,  wear  away  from  it  a  fupply  of 
powder  for  the  operation  of  polifliing.  It  appears  to  be  part  of  a  larger  mafs,  is  of  a 
purplifh  colour,  and  of  the  fame  laminated  texture  as  the  cryftals  of  corundum;  it  has 
this  peculiarity,  there  appear  cracks  branching  irregularly  acrofs  the  laminx  of  the  lump^ 
which  are  filled  with  homogeneous  matter,  diftinguiflied,  however,  by  the  fuperior  pu- 
rity, which  might  be  expefted  to  arife  from  the  degree  of  filtration  required  for  its  de- 
pofition  in  the  fiflures.  Some  of  thefe  cracks,  which  terminate  on  the  furface,  appear 
to  have  the  £ame  cryftallized  arrangement  which  charaderizes  the  laminae  of  corundum* 
The  cracks  not  being,  in  any  degree,  influenced  in  their  direftionby  the  laminae  of  the  cryftal- 
lized mafs,  it  is  probable  they  had  not  been  confolidated  when  they  cracked ;  and  from  this 
fpeqimen,  we  may  expe£l  to  find  corundum  cementing  mafies  of  ftone  by  the  fame  procefs  of 
ftala&itical  cementation,  by  which  quartz  and  calcedony  conne£l  great  nodules  and  mafles  of 
fiUceous  ftones. 

In  this  fpecimen,  I  confider  the  veins  as  pure  conmdum,  that  is,  having  the  fame  fpecific 
gravity,  hardnefs,  and  texture,  as  corundum  cryftals ;  and  I  found  the  whole  lump  poflefied 
all  the  qualities  of  corundum,  except  its  fpecific  gravity,  which  amounted  only  to  2,785  \ 
and,  in  this  property,  it  correfponded  nearly  with  the  matrix  of  the  corundum  cryftals,  or 
the  vein  in  which  corundum  is  before  ftated  to  be  found;  the  fpecific  gravity  of  which  is 
2,768.  The  texture  of  the  matrix  appears  fometimes  like  adularia,  and  confufedly  cryftal- 
lized ;  often  compa£l  like  cipoline  or  primitive  marble ;  fometimes  fparry,  fometimes  granu- 
lated; and  on  the  outfide  of  the  vein,  and  near  fiflures,  decompofed  and  becoming  opaque. 
In  all  its  ftates  it  fcratches  glafs,  but  not  rock-cryftal,  poilibly  from  want  of  adherence  of  its 
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particles:  and  in  tKis,  it  differs  from  the  fubftancc  of  the  above  lump,  which  cuts  glafs  and 
rock-cryftal  with  great  facility. 

This  lump,  and  the  matrix  of  corundum,  appeared  to  poffefs  the  fame  properties  as  corun- 
dum, when  examined  by  the  blow-pipe  with  the  difierent  fluxes. 

The  matrix  of  corundum  having  fometimes  an  appearance  like  adularia  and  feldfpar,  I  af- 
certained,  by  Mr.  Hatchett's  fcales,  the  fpecific  gravity  of  adularia  to  be  2,558,  and  of  feld- 
fpar 2,555.  The  corundum,  and  the  lighter  corundum  of  the  lun\p,  cut  adularia  and  feld- 
fpar j  the  htter  effervefced,  and  combined  with  foda,  which  the  former  did  not. 

It  is,  therefore,  evident  that  the  matrix  of  corundum,  or  fubftance  of  the  vein,  is  a  dWlinfl: 
'  fubftance  from  adularia  and  feldfpar,  and  nearly  connedied  wi£h  corundum. 

The  matrix,  or  vein,  contains  alfo  a  black  fubftance  like  thorl,  which,  on  clofer  examination, 
appears  to  be  hornblende.  This  fubftance,  Mr.  Garrow  had  remarked  to  have  the  appearance 
of  charcoal ;  and,  on  that  account,  heliad  attributed  the  formation  of  thefe  ftrata  to  the  agency 
of  fire.  Other  gentlemen.  From  the  appearance  of  the  matrix  of  corundum,  have  ftatcd  it 
to  be  a  calcareous  vein. 

Mr.  Garrow  obferved  that  there  ran  through  tlie  ftrata,  in  which  the  corundum  was  found, 
veins  of  a  fubftance  like  dried  pitch,  apparently  on  their  edge,  which  feparated  like  a  pack 
of  cards.  It  is  a  brown  micaceous  fubftance,  which,  in  drying,  foliates,  and  fhews  a  certain 
degree  of  regular  arrangement  of  the  component  parts ;  in  this  cafe,  the  fragments  of  the  folia 
fubdivide  with  fome  degree  of  regularity  into  rhombs,  whofe  angles  are  60*^  and  120®:  it  is 
more  fmooth  and  lefs  flexible  than  pure  mica. 

Thefe  are  all  flie  fbrts  of  corundum  which  I  procured  from  India. 

1  now  proceed  to  the  refult  of  my  inquiries  in  China. 

I  requcfted  Capt.  Gumming,  in  1786,  at  that  time  commanding  the  company's  fliip,  Bri- 
tannia, to  take  a  fpecimen  of  corimdum  to  China,  to  afcertain  its  nature,  and  to  obtain  fpeci- 
mens,  if  poffiblc,  adhering  to  their  matrix,  and  regularly  cryftallized.  On  his  arrival  at  Can- 
ton, he  coUeftcd  the  information  I  Wrftied,  wi£h  the  good  fenfe  and  zealous  defire  which  he 
always  exerts  for  Tiis  friends.  He  afcertained  that  the  ftone  I  inquired  for  was  in  common 
ufe  with  the  ftone-cutters ;  and  he  brought  me  the  ftone  in  its  rude  and  in  its  pounded  ftate, 
taking  care  to  fcleft  the  moft  regularly  cryftallized  pieces,  and  others  adhering  to  the  rock. 
A  ftone-cutter  was  fawlng  rock-cryftal  with  a  hand-faw,  which  he  alfo  brought  to  me ;  it 
is  a  piece  of  bamboo  flit,  about  three  feet  long,  and  i|  inch  broad,  thickened  at  the  handle 
by  a  piece  of  wood,  rivetted  with  two  iron  pins  \  having  a  lump  of  lead  tied  with  a  thong 
of  fplit  rattan,  fteadying  an  iron  pin,  on  which  the  end  of  a  twifted  iron-wire  is  faftened; 
which  being  ftretched  to  the  handle,  is  pafled  thiough  a  hole  in  the  bamboo  with  the  fuper- 
abundant  wire;  a  wooden  peg  being  prefled  into  the  hole,  keeps  the  bow  bent,  and  the  wire 
ftretched,  and  ferves  to  coil  the  ftiperfluous  wire,  till,  by  fawing  the  cryftal,  the  ftretched 
wire  is  worn,  and  requires  to  be  renewed  from  the  coil.  The  twifted  wire  anfwers  the  pur- 
pofe  of  a  faw,  and  retains  the  powder  of  corundum  and  water,  which  are  ufed  in  this  opera- 
tion.    Dr.  Lind  had  before  brought  fpecimens  (imilar  to  the  above  from  China. 

From  Sir  Jofcph  Banks,  I  obtained  Dr.  Lind's  fpecimens,  and  fome  in  powder,  which 
Mr.  Duncan,  fupercargo,  in  China,  had  fent  him  with  the  Chinefe  name,  pou-fa.    The  ma- 
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trix  bdng  mixed  with  a  red  and  white  fparry  fubftance  and  mica>  is  generally  called  red 
granite;  but  it  appears  to  me  of  the  fame  nature  as  the  matrix  of  corundum  from  India. 
The  white  is  more  fibrouS)  and  like  cyanite;  the  red  part  of  it  is  compaft  and  opaque  j 
other  parts  appear  to  foliate,  and  pure  mica  is  in  confiderable  patches,  and  generally  adheres 
to  the  cryftals.  This  corundum  is  of  a  darker  brown,  and  more  irregular  on  the  furface, 
than  the  corundum  of  the  coaft,  and  often  mixed  with  black  iron  ore*  attradiable  by  the 

.magnet. 

It  is  defcribed  as^  the  third  modification  of  the  corundum  cryftal  in  the  analytical  defcrip^ 
tion  which  follows*  The  chatoyant^  or  play  of  light,  on  thefe  dark  cryftals,  is  very  remark- 
able: fomeare  of  a  bright  copper  colour;  others  exhibit  the  accident  of  refle£lion  of  light, 
which,- in  a  poliftied  ftate,  gives  varieties  to  the  cat's-eye,  ftar-ftone,  fun-ftonc,  &c;  which  asr 
yet  are  clafled  froni  fuch  accident  without  ftri£l  attention  to  their  natiure,  which  is  various^ 
and,  in  general,  has  not  been  afcertained. 

Thefe  are  the  circumftances  connefted  with  the  ftrata,  worth  mentioning.  The  examina« 
tioa  of  corundum,  on  which  our  prefent  knowledge  refts,  is  nearly  that  which  an  India  mi-^ 
neralogift  might  derive  of  the  hiftory  of  feldfpar  from  a  lump  of  Aberdeen  granite  out  of 
one  or  two  different  quarries.  He  might  afcertain  a  few  modifications  of  the  cryftal  of  feld- 
fpar, its  fraaure,.and  matrix;  but  he  would  have  no  knowledge  of  the  pureft  or  more  beau- 
tiful forts,  which  other  quarries  produce  in  Scotland,  at  Bavemo,  at  St.  Gothard,.and  Au- 
vergne.  I  therefore  think  it  effential  to  mention  that  corundum,  under  circumftances  fa- 
vourable to  its  cryftallisation,  becomes  glaffy  in  its  fra£ture,,and  of  various  colours.  I  have 
not  only  obferved  in  cryftala  of  corundum  fpecks  of  a  fine  ruby  colour,  but  I  have  fragments 
of  cryftals  in  texture  and  every  refpeft  like  the  colourlefs  corundum,  of  a  fine  red  colour. 
It  is  certain  that  we  obtain  from  India,  corundum  which  may  pafs  for  rubies.  I  have  fent 
to  India  fome  of  the  conmdum  with  Imall  ruby  fpecks,  which  were  not  fufficiently  diftindl 
or  large,  either  for  mcafurement  or  analyfis,  in  hopes  of  being  enabled  to  afcertain  corredly 
the  form  of  Sahm  rubies  found  in  corundum;  in  the  mean  time,  I  have  the  corundum  of 
a  fine  red  colour.  Looking  over  fome  poliihed  rubies  from  India,  I  feleAedone  which  ap- 
peared laminated  like  corundum,  and  had  alfo  the  ckatoyant^  or  play  of  light,  on  its  laminae, 
which  formed  an  angle  in  the  ftone.  The  lapidary  called  it  an  oriental  ruby.  I  altered  the 
form  of  the  cutting  fo  fortunately  that  the  reflefted  rays  formed  a  perfeft  ftar;  a  phenomenon 
I  had  obferved  in  the  fapphire,  and  cxpe£led  in  corundum,  but  not  in  the  o£toedral  ruby. 
The  fpecific  gravity  of  this  ftone  being  4,166,  confirmed  my  opinion,  that  it  is  one  of  the 
&alain  rubies,  fo  much  efteemed  by  the  natives  on  the  coaft  or  peninfula  of  India,  which*  are 
found  in  the  corundum  vein.  The  fpecific  gravity  of  a  colourlefs  fapphire  very  little  lefs 
opaque  than  corundum,  forming  alfo  a  perfeft  ftar,  was  4,000 ;  that  of  a  deep  blue  fapphire, 
and  of  a  ftar-ftone,  4,035 ;  all  which  I  conne£t  with  the  corundum ;  the  fpecific  gravity  of  a 

*  A  fmall  groupi  conGfting  of  three  or  four  o6^oedral  cryftals,  prefents  the  leaft  common  variety  of  this 
kind  of* iron  ore ;  the  edges  of  the  oftocdra  bciog  replaced  by  planes,  which almoft  cover  the  triangular  planes. 
Roms  dc  rijle,    Criflallog.  vol.  IV.  plate  4,  fig.  69. 
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diftin6l  ctyftal  of  which  ^m  31950;  of  a  fragmeiit  of  ruby-coloved  cMmduniy  3,95^ |  and 

of  a  fragment  of  corundum  with  vitreous  luftre,  39954* 

It  may  be  obje^led  to  me,  that  Bergman  has  ftated  the  varietj  of  fpecific  grarity  in  gems 
to  be  fo  great,  at  to  leave  no  certain  rule  of  judging  thereby  of  the  fpedei.  He  obfervedf 
that  the  topaz  generally  prevdls  in  weight,  being  from  3,460  to  4,5($o  \  die  ruby  from  3,180 
to  4,240  %  then  the  fapphire  from  3,650  to  3,940  *•  But,  in  the  precedn^  P^>  he  had 
faid,  *^  Analyfi  cryftallorum  tam  ejufdem  quam  diverfx  figurx  multum  lucis  fcientia  ex« 
pe£lat.  niae  quarum  antea  compofitionem  explorare  ticuit  natural!  forma  per  artem  privatae 
erant.**  It  is  not,  therefore,  an  hypothefis  unworthy  of  eramination  which  I  advance,  that 
gems,  derived  from  the  re£langled  oAoedra,  whofe  fpecific  gravity  is  above  3,300  to  3,800, 
will  be  found  to  be  diamonds,  or  o£loedral  rubies ;  and  thefe  wiU  be  eafily  ftiftinguiflicd 
from  each  other  by  their  luftre  and  hardnefs.  Diamonds,  whether  red,  yeDow,  blue,  or 
white,  being  hardeft,  though  their  fpecific  gravity  will  be  kfsj  viz.  from  3,356  to  3,471, 
as  I  foimd  among  diflPerent  diamonds  in  my  colle&ion :  whereas  the  o&oedral  ruby  was 
from  3,571  to  3,625,  and  inferior  in  hardnefs  not  only  to  the  diamond,  but  to  the  conui* 
dum  \  the  fpecific  gravity  of  which,  in  its  different  appearance  of  form  and  colour,  I  feund 
to  vary  from  3,876  to  4,166  ;  and  I  fuppofe  it  to  be  fubjed  to  a  variation  from  3,300  to 
4,300 :  after  which  the  jargon  will  come  with  a  fpecific  gravity  of  4,600  ;  eafily  diftm* 
guifhed  alfo  by  its  cryftallization  from  the  above-mentioned  gems.  The  above  Specific  gra« 
vities  Mr.  Hatchett  very  obligingly  aflifted  me  in  taking  with  his  accurate  fcales,  in  the  tern* 
perature  of  6o^  It  will  not  be  underftood  that  I  depend  entirely  on  the  fpedfic  gravity  % 
on  the  contrary,  I  conne^i  this  quality  with  cryftallization  :  hardnefs  is  the  next  criterion  % 
and  analyCs  muft  feparate  the  component  parts,  and  dcmonftrate  the  analogy,  or  idenritjr^ 
of  fubftances,  or  of  compounds.  Hie  improvements  of  Mr.  Klaproth's  procdGi  are  cvi« 
dent  by  the  comparifon  of  his  firft  analyfis,  and  in  his  laft  analyfis  of  corundum. 
In  the  firft  it  confiftcd  of 

Corundum  earth  -  «  •  <•  68     o 

Siliceous  earth        -•  *  •  •  3150 

Iron  and  nickel      •        *  «  •  •  o  50 


100 


By  the  laft  analyfis  of  Mr.  Klaproth,  the  corundum  of  the  peninfula  of  India  con- 
Cfted  of 

Argillaceous  earth  -  •  •  •  89  50 

Siliceous  earth  .        -  -  -  -  5  5^ 

Oxide  of  iron  -        .  -  .  -  i  25 

Lofs  -  .        -  •  •  -  3  75 


100 
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The  corundum  of  China, 

Argillaceous  earth  -  »  -  - 

Siliceous  earth  .  -  ^ 

Oxide  of  iron        -  -  -  -  ^ 

Lofs  .  .  •  •  •  • 
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50 
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That  the  analyfis  of  fapphire  of  Mr.  Klaproth  may  be  compared,  it  is  here  added. 
Argillaceous  earth  -  -  -  -  9^  S^ 

Calx  of  iron  -         -  -  -  -  ,10 

Calcareous  earth  -  -  -  •  o  50 
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Irop-ore  cryftallized  is  often  mixed  with  the  Chinefc  corundimi,  as  I  have  before  ftated, 
and  may  be  confidered  as  accidentally  interpofed,  not  combined.  In  the  corundum  of  the 
coaft,  the  greenifh  colour  may  indicate  the  combination  of  iron,  as  the  blue  colour  does  in 
the  fapphire  ;  and  the  proportion  of  iron  in  both  is  nearly  alike. 

There,  then,  is  the  — — ^—  and   —  of  filex  in  corundum,  evidently  an  integral 

part  of  the  coarfe  corundum  cryftal,  and  not  of  the  fapphire ;  but  it  will  require  an  analyfis 
of  the  vitreous  or  pellucid  corundum  to  decide  that  filex  is  a  conftituent  part  of  corundum : 
there  will  then  remain  to  account  for  the  calcareous  earth ;  and,  having  eftablifiied  its  being 

a  conftituent  part  of  the  fapphire,  the  (mall  proportion  of  ^  cannot  be  expeded  to 

produce  a  very  notable  difierence. 

It  is  not  neceflary  to  do  more  than  thus  to  hint  at  what  further  analyfis  and  examination 
of  former  experiments  are  required,  to  afcertain  the  analogy  or  identity  of  the  fapphire  and 
oriental  ruby  with  corundum. 

I  have  before  ftated,  that  I  have  corundum  (which  has  the  fame  texture  and  frafture  as 
the  common  colourlefs  corundum)  of  a  ruby  red,  and  alfo  of  fapphire  blue,  and  of  fapphire 
blue  and  white  colours. 

I  have  fapphires  yellow  and  blue,  white  and  blue,  brown  and  greenifli,  and  of  a  purplifh 
hue  ;  thefe  I  fhould  confider  as  corundum,  with  fraSure  of  vitreous  luftre. 

(To  be  continued.) 


II. 

jIn  Account  of  afmgular  Halo  of  the  Moon.     In  a  Letter  from  WiLLIAM  Hall^  Efq,  of 
Whitehall,  F.R.S.  Edin.  to  Sir  James  Hall,  Bart.  F.R.S.  Edin.* 

DEAR  SIR  JAMES,  Whitehall,  near  Berwick,  April  1,  1796. 

JL  SEND,  under  cover,  the  reprefentation  of  a  very  fingular  halo  of  tlie  moon  (pi.  XXII. 
fig.  25.)  feen  here  on  the  night  of  the  i8th  of  February  laft,  about  ten  o'clock  ;  and  this  I 

*  Edinburgh  Tranfa6tions,  vol.  IV.  page  173. 
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have  hitherto  dehyed^  in  order,  if  pollible,  to  gain  farther  information  in  the  neighbourhoodt 
concerning  it. 

During  the  (hort  continuanee  of  the  fmall  halo,  which  did  not  exceed  ten  minutes  after 
I  got  notice  of  it,  I  could  not  ky  my  hands  on  any  other  inftrument,  to  take  the  angles,  but 
a  SiiTon's  theodolite,  which  unlucklily  having  been  conftrudied  fo  as-  not  to  admit  of  a  ver- 
tical angle  fo  great  as  the  moon's  altitude  then  was,  I  laid  it  afide,  not  recoUefting  that  it 
might  have  meafured  fevcral  of  the  fmaller  angles.  But  I  obferved  fundry  marks,  from 
which  I  tot)k  the  angles  as  exa£Wy  as  I  could  next  day. 

The  moon  was  about  foutli-weft,  and  her  altitude  nearly  54%  which»  of  confcquence^ 
was  alfo  the  higheft  altitude  of  the  limb  of  the  greater  halo  where  it  was  higheft,  and 
where  it  pailcd  through  the  moon ;  the  altitude  of  its  oppofite  limb  was  14^ ;  fo  that  ita 
diameter  fubtended  an  angle  of  no  lefs  than  a  hundred  and  twelve  degrees. 

The  diameter  of  the  (mall  halo,  which  appeared  to  be  a  perfeG  circle,  with  the  moon  in  its 
centre,  I  found,  after  repeated  trials^  was  under  12°,  and  more  than  8^ ;  but  as  the  difierent 
diameters  of  the  large  halo  were  nbt  meafured,  it  cannot  pofitively  be  a£Eirmed,  that  it  was  an 
€xsL£k  circle  9  on  the  contrary,  fts  limb  did  not  feem  to  interfedi  the  fmall  circle  quite  fa 
much  at  right  angles  as  the  circular  arch  delineated  in  the  plan.  It  may,  therefore,  have 
been  fomewhat  elliptical. 

The  fmall  circle  was  remarkably  bright,  particularly  at  Weft  Refton,  about  five  miles  to 
the  northward,  the  only  other  place  where  the  halo  was  obferved,  and  where  it  was  thought 
to  fend  forth  flame.  The  finall  hab  alfo  continued  there  much  longer  than  here,  where  fome 
tHin  fleecy  clouds  foon  put  an  end  to  it ;  but  the  large  halo  continued  with  us  near  an  hour^ 

The  weather  about  this  time  was,  for  the  feafon,  remarkably  mild,  particularly  on  the 
day  of  the  halo.  The  (ky  was  pretty  clear  all  that  day,  and  alfo  in  the  evening ;  but,  at 
the  time  of  the  halo,  there  was  a  fmall  degree  of  hazinefs,  particularly  towards  the  norths 
which  did  not,  however,  prevent  the  moon  from  ihining  with  brightnefs ;  and  the  ftars 
were  even  vifible  within  the  circle  of  the  (mall  halo :  there  was  little  or  no  wind. 

The  circles,  or  belts,  of  both  hales  are  reprefented  in  the  plan  nearly  of  their  apparent 
breadth,  or,  perhaps,  a  Uttle  broader :  the  light  of  both  was  whitifh,  and  confiderably 
bright,  without  colour ;  that  of  the  large  circle  was  the  paler  of  the  two,  particularly 
where  it  pafled  ^irough  the  fmall  circle :  to  the  northward  it  was  fomewhat  obfcure. 

By  means  of  the  angles  taken  as  above,  after  having  afcertained,  on  a  vertical  circle  of  the 
heavens,  the  fituations  of  the  moon,  qf  the  fmall  halo,  and  of  the  north-eaftem  limb  of  the 
large  halo,  whofe  fouth-weftcm  limb  paiTed  thrpugh  the  moon,,  the  whole  was  projeScd  on 
the  horizontal  plane,  as  in  the  figure  already  referred  to.  The  moon,  a  little  more  than 
half,  is  placed  in  the  centre  of  the  fmaller  halo  5  and  both  halos  are  reprefented  in  their 
true  fituations,  relatively  to  the  horizon,  and  in  the  circular  fhape  which  they  appeared  to 
have  -,  though  they  ought,  perhaps,  to  have  been  fomewhat  forefliortened,  and  thrown  into 
an  elliptic  form. 

This  halo,  as  you  will  fee  by  the  above  defcription,  appears  to  be  of  tlie  kind  called  by  the 
learned  a  corcna ;  and  as  it  fomewhat  refcmbles  the  famous  one  of  the  fun  obferved  at 

Rome 
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Rome  in  the  year  1629,  and  defcribed  by  Scheiner*,  it  dcfcrvcs  the  more  attentioni  efpe- 
cially  as  the  great  halo  on  the  prefent  occafion,  having  its  fouth-weftem  limb  elevated  to  the 
height  of  54^%  and  its  north-eaftem  dcprefled  to  within  14®  of  the  horizon,  was  in  an  ob- 
lique pofition,  not  eafily  reconciled  with  the  theory  of  Huygens,  which  feems  to  require  that 
fuch  circles  fliould  be  equally  elevated  above  the  horizon  all  round.  It  alfo  (hews  that 
Scheiner's  original  plan  of  the  halo  at  Rome,  which  reprcfented  it  as  oblique,  may  have 
been  right,  and  that  Huygens'  corredlion,  which  makes  it  parallel  to  the  horizon,  was  pro- 
bably an  erroneous  conjcdlure. 

I  am, 

dear  Sir  James, 

your  humble  fenrant, 

WILLIAM  HALL. 


ni. 

Experimental  ttefearches  concerning  the  Principle  of  the  lateral  Communication  of  Motion  in  Fluids^ 
applied  to  the  Explanation  of  various  Hydraulic  Phenomena.     By  Citizen  J.  J5.  VENTURIf 
Prof ejfor  of  Experimental  Philofophyat  Modena,  Member  of  the  Italian  Society^  of  the  Infiitute  of 
Bologna,  the  Agrarian  Society  of  Turin,  fffc» 

(Continued  from  page  416,  vol.  11.) 

Experiment  XniL  The  two  tubes  a  B  C,DEF,fig.  14.  PlateXXiL  arc  15  inches 
long  i  their  diameter  is  14,5  lines.  The  conical  portions  A,  D,  have  the  form  of  the  con- 
traftion  of  the  vein  of  fluid,  and  are  applied  to  the  orifice  P,  fig.  i.  Plate  VIII.  of  the  pre- 
fent volume,  which  is  18  lines  in  diameter,  with  32,5  inches  depth,  or  charge  of  fuperin- 
cumbent  fluid.  The  elbows,  or  flexures,  B  C,  £  F,  are  made  in  the  plane  of  the  horizon« 
Thefe  two  pipes  are  made  of  copper  foldered  with  filver,  and  the  workmanfliip  carefully 
executed.  The  curvature  B  C  was  drawn  out,  or  bended,  into  the  form  of  a  quarter  of  a  circle^ 
by  filling  the  tube  with  melted  lead,  in  order  that  it  might  prefcrve  its  diameter  during  the 
a£l  of  bending.  The  elbow  D  E  F  is  conftru^ed  in  a  right  angle.  The  expenditure  through 
thefe  two  tubes  was  compared  with  that  afforded  through  a  right-lined  cylindrical  tube  of 
iimilar  dimenfions,  and  in  Uke  circumftances.  The  four  cubical  feet  of  water  flowed  out  of 
the  cylmdrical  tube  in  45'' ;  out  of  the  curved  tube  A  B  C  in  50^^ ;  and  out  of  the  angular  tube 
D  E  F  in  70^ 

4.  It  is  of  importance  that  the  tube  B  C,  fig.  13.  Plate  VlII.  (hould  be  of  an  equal 
diameter  throughout.  It  is  not  enough  that  care  be  taken  that  there  fhall  be  no  contrac- 
tion, it  is  alfo  neceflary  that  it  (hould  not  be  enlarged  at  any  part.  For  fuch  enlarge* 
ments  have  nearly  the  fame  bad  eflefl  in  the  expenditure  as  contractions*  The  pipe  A  O^ 
fig.  I  a.  aflbrds  a  much  Icfs  quantity  of  fluid  with  the  dilatations  D  E,  H  I,  than  if  it  were 
of  a  diameter  equal  to  that  at  B  throughout  its  whole  length.  The  following  experiment 
agrees  with  the  theory* 

*  Sroith*f  Optics,  vol.  I.  §  534.      ' 

3  R  2  Experiment 
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Experiment  XXIV.  The  circular  orifice  A,  fig.  I2,  has  the  form  of  tlie  contra£tion  of 
the  vein,  and  the  remaining  part  of  the  tube  is  interrupted  by  various  enlargements  of  its 
diameter.  This  tube  is  applied  to  the  aperture  P,  fig.  i.  The  dimenfions  of  its  parts 
meafured  in  lines  are  as  follows.  Diameter  at  A  s=  1 1,2.  Diameter  at  B,  C,  F,  G,  &c.  =  9, 
llength  of  B  C  =  F  G,  &c.  =  20.  Length  of  C  D  =  E  F  =  G  H,  &c.  =  13.  Diameter 
of  the  enlarged  parts  =  24.  The  length  of  each  of  the  enlarged  parts  was  variable.  The 
firft  time  of  trial  it  was  38  lihes,  the  fecond  76,  and  the  refult  of  the  experiment  was  the 
fame  in  both  cafes. 

Number  of  enlarged  parts*  Time  during  which  four  cubical  feet  iflued  out. 

o  109" 

3  ^92" 

S  ^40*^ 

I  afterwards  applied  to  the  fame  orifice  a  tube,  having  the  fame  form,  and  the  fame  diameter^ 
•as  A  B  C,  but  cylindrical  throughout,  without  any  enlargements,  and  its  length  was  36  inches, 
the  fame  as  that  of  the  tube  with  five  enlarged  parts  5  in  this  cafe  the  expenditure  of  fdur 
cubical  feet  was  made  in  148''. 

When  the  fluid  pafles  from  C  to  the  middle  of  the  enlarged  part  D  E,  part  of  the  motion 
is  diverted  from  the  direftion  C  F  towards  the  lateral  parts  of  the  enlargement.  This  part 
of  the  motion  is  confumed  in  eddies,  or  againll  the  fides.  Confequently  there  remains  fo 
much  the  lefs  motion  in  the  following  branch  F  G.  This  is  alfo  the  caufe  which  deftroys, 
or  weakens,  the  pulfe  in  the  arteries  beyond  an  aneurifm. 

From  this  confideration  we  are  juftified  in  concluding,  that  if  the  internal  roughnefs  of 
a  pipe  diminifhes  the  expenditure,  the  frifUon  of  the  water  againft  thefe  afperities  does  not 
form  any  confiderable  part  of  the  caufe.  A  right-lined  tube  may  have  its  internal  furface 
highly  polifhed.  Throughout  its  whole  length,  it  may  every  where  poflefs  a  diameter  greater 
than  the  orifice  to  which  it  is  applied ;  but,  neverthelefs,  the  expenditure  will  be  greatly  re- 
tarded if  the  pipe  fhould  have  enlarged  parts,  or  fwellings.  This  is  a  very  interefting  cir- 
cumftance,'  to  which,  perhaps,  fufficient  attention  has  not  been  paid  in  the  conftruftion  of 
hydraulic  machines.  It  is  not  enough  that  elbows  and  contraftions  are  avoided ;  for  it  may 
happen,  by  an  intermediate  enlargement,  that  the  whole  advantage  may  be  loft,  which  may 
have  been  procured  by  the  ingenious  difpofitions  of  the  otiier  parts  of  the  machine. 

PROPOSITION  VIII. 

In  the  machine  for  blowing  by  tneans  of  a  fall  of  water ^  the  air  is  afforded  to  the  furnace  by  the 
accelerating  force  of  gravity  and  the  lateral  communication  of  motion^  combined  together  • 

The  Academy  of  Touloufe,  in  the  year  1791,  invited  philofophers  to  determine  the  caufe 
and  the  natmre  of  the  ftream  of  air  which  is  produced  by  the  fall  of  water  in  certain  forges. 
1  propofe,  in  this  place,  to  dcvclope  the  complete  aftion  of  this  kind  of  blowing  apparatus, 
and  to  afcertain  the  beft  form  of  conftru6tion.    Kircher  is  the  firft  I  know  of  who  has  ex- 
plained 
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plained  the  pro%lu£lion  of  wind  by  a  fall  of  water*.  Barthes,  the  father,  has  given  a 
theory  which  appears  to  me  to  be  defeftive  in  many  refpeds  f .  Dietrich  was  of  opinion, 
that  this  wind  is  produced  by  the  decompofition  of  water  J.  Fabri  had  a  (imilar  notion  in 
the  laft  century  §.     Moft  philofophers  are  well  acquainted  with  this  kind  of  engine  ||. 

I  (hall  begin  with  an  idea,  the  foundation  of  which  did  not  efcape  tlie  penetration  of 
Leonardo  Da  Vinci.  Suppofc  a  number  of  ^qual  balls  to  move  in  conta£^  with  each  other 
along  the  horizontal  line  A  B,  fig.  16.  Plate  XXII.  Imagine  them  to  pafs  with  an  uni- 
form motion,  at  the  rate  of  four  balls  in  a  fecond.  Let  us  take  B  F,  equal  to  16  feet 
Englifli.  During  each  fecond  four  balls  will  fall  from  B  to  F,  and  their  refpeftive  diftances 
in  falling  will  be  nearly  BC=i,  CD  =  3,  DE=5,  EF  =  7.  We  have  here  a  very 
evident  reprefentation  of  the  feparation,  and  fucceflive  elongation,  which  the  accelerating 
force  of  gravity  produces  between  bodies  which  fall  after  each  other. 

The  rain  water  flows  out  of  gutters  by  a  continued  current  j  but  during  its  fall  it  fcpa- 
rates  into  portions  in  the  vertical  direftion,  and  ftrikes  the  pavement  with  diftinft  blows. 
The  water  likewife  divides,  and  is  fcattered  in  the  horizontal  direftion*  The  ftream 
which  iffues  out  of  the  gutter  may  be  one  inch  in  diameter,  and  ftrike  the  pave- 
ment over  the  fpace  of  one  foot.  The  air  which  exifts  between  the  vertical  and  hori- 
zontal feparations  of  the  water  which  falls,  is  impelled  and  carried  downwards.  Other  air 
fucceeds  laterally  \  and  in  this  manner  a  current  of  air,  or  wind,  is  produced  round  the  place 
ftnick  by  the  water.  I  went  to  the  foot  of  the  cafcades  which  fall  from  the  Glaciere  of 
La  Roche  Melon,  on  the  naked  rock  at  La  Novalefe,  towards  Mount  Cenis,  and  found  the 
force  of  the  wind  to  be  fuch  as  coiuld  fcarcely  be  withftood.  If  the  cafcade  falls  into  a 
bafon  the  air  is  carried  to  the  bottom,  whence  it  rifes  with  violence,  and  difpcrfes  the  water 
all  round  in  the  form  of  a  mift. 

The  water  which  is  precipitated  in  the  hollow  internal  parts  of  mountains  carries  the  air 
with  it,  which  afterwards  ifluing  forth  from  apertures  at  the  foot  of  the  mountain,  pro- 
duces thofc  natural  blafts,  thofe  ventaroli  f ,  which  arc  moft  frequently  obferved  in  the  vol- 
canic mountains,  becaufe  thefe  mountains  are  moft  commonly  hollow  within. 

Let  B  C  D  E,  fig.  16.  reprefent  a  pipe,  through  which  the  water  of  a  canal  A  B  falls  into 
the  lower  receiver,  M  N.  The  fides  of  the  tube  have  openings  all  round,  through  which 
the  air  freely  enters  to  fupply  what  the  water  carries  down  in  its  fall.  This  mixture  of  wa- 
ter and  air  proceeds  to  ftrike  a  mafs  of  ftone  Q^  whence  rebounding  through  the  whole 
width  of  the  receiver  M  N,  the  water  feparates  from  the  air,  and  falls  to  the  bottom  at  X  Z, 
whence  it  is  difchargcd  into  the  lower  channel  or  drain,  by  one  or  more  openings,  T,  V.  The 

^  Mundus  Subterr.  lib.  XIV.  Cep.  5,  edit.  1662. 

+  M^moires  des  Savr^ns  ^(rangers,  vol.111.  P..378. 

J  G'r<s  dc  Mineral  dcs  Ps ranees,  p.  48,  49. 

§  Phvfic.  t  a£t  I.  lib.  II.  prop.  143. 

I  Ax\  des  ForgcSi  part  If.     Mariotce  des  Eaux,  part  I.  difc.  III.  Tranfafl.  No^  473,  &c. 

%  Tncfc  'vemaroli  are  fometimes  produced  by  the  difference  of  temperature  between  the  air  of  the  cavern 

and  the  external  air.     V.     From  the  effcAs  they  fcem  10  be  oftener  produced  by  this  lad  caufe,  than  by  a  « 

fall  of  water.     On  this  fuhjedt  in  general,  namely,  the  cold  winds  which  ilTue  out  of  the  earth,  feo 

Philof.  Journali  I.  229. — N. 
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air  being  lefs  heavy  than  the  water,  occupies  the  upper  part  of  the  receiver,  whence  being 
-urged  through  the  upper  pipe  O,  it  is  conveyed  to  the  forge. 

Experiment  25.  I  formed  one  of  Aefe  artificial  blowing  engines  of  a  fmall  fize.  The 
pipe  B  D  was  two  inches  in  diameter,  and  four  feet  in  height.  When  the  water  accurately 
filled  the  fedion  B  C,  and  all  the  lateral  openings  of  the  pipe  B  D  E  C  were  clofed,  the  pipe 
O  no  longer  offered  any  wind. 

It  is,  therefore,  evident  that  in  the  open  pipes  the  whole  of  the  wind  comes  from  the  atmo* 
fphere,  and  no  portion  is  afforded  by  the  decompofition  of  water.  Water  cannot  be  decompofed, 
and  transformed  into  gas,  by  the  fimple  agiution  and  mechanical  percuffion  of  its  parts.  The 
opinion  of  Fabri  and  Dietrich  have  no  foundation  in  nature,  and  are  contrary  to  experiment. 

It  remains,  therefore,  to  determine  the  circumftances  proper  to  drive  into  the  receiver, 
M  N,  the  greatcft  quantity  of  air,  and  to  meafure  that  quantity.  The  circumftances  which 
favour  the  moft  abundant  production  of  wind,  are  the  following. 

It  is  known  that  in  the  parabola,  if  i  *  be  affumed  as  conftant,  d  y  will  decteafe  in  the 

ratio  oi— .     The  feparation  of  the  balls  in  fig.  15.  is  more  rapid  in  the  upper  fpaces  of 

Vat 
the  fall  than  in  the  lower.  In  order,  tliercfore,  to  obtain  the  greateft  effe£l  from  the  acce- 
leration of  gravity,  it  is  neccffary  that  the  water  fliould  begin  to  fall  at  B  C,  fig.  16.  with  the 
Icaft  poffible  velocity ;  and  that  the  height  of  the  water  F  B  (hould  be  no  more  than  is  ne- 
ccffary to  fill  the  fe£lion  B  C.  I  fuppofe  the  vertical  velocity  of  this  fe£lion  to' be  produced 
by  an  height  or  head  equal  to  B  C. 

2.  We  do  not  yet  know,  by  dirccl  experiment,  the  diftance  to  which  the  lateral  com- 
munication of  motion  between  water  and  air  can  extend  itfelf  5  but  we  may  admit  with  con- 
fidence, tliat  it  can  take  place  in  a  fcftion  double  that  of  the  original  fedlion,  with  which 
the  water  enters  the  pipe.  Let  us  fuppofe  the  feAion  of  tlie  pipe  B  D  E  C  to  be  double  the 
fe£tion  of  the  water  at  B  C ;  and  in  order  that  the  ftream  of  fluid  may  extend  and  divide 
itfelf  through  the  whole  double  feftion  of  the  pipe,  fome  bars,  or  a  grate^  are  placed  ia 
B  C,  to  diftribute  and  fcatter  the  water  through  the  whole  internal  part  of  the  pipe. 

3.  Since  the  air  is  required  to  move  in  the  pipe  O  with  a  certain  velocity,  it  muft  be 
compreffed  in  the  receiver.  This  compreflion  will  be  proportioned  to  tlie  fum  of  the  acce*- 
lerations,  which  (hall  have  been  deftroyed  in  the  inferior  part  K  D  of  the  pipe.  Taking 
K  D=i,s  feet,  we  fliall  have  a  preffure  fufficient  to  give  the  requifite  velocity  in  the  pipe 
O.  The  fides  of  the  portion  K  D,  as  well  as  thofe  of  tlic  receiver  M  N,  muft  be  exa£lly 
clofed  in  every  part. 

4.  The  lateral  openings  In  the  remaining  part  of  the  pipe  B  K,  may  be  fo  difpofed  and  mul- 
tiplied, particularly  at  the  upper  part,  that  the  air  may  have  free  accefs  within  the  tube.  I 
will  fuppofe  them  to  be  fuch  that  o,  i  foot  height  of  water  might  be  fufficient  to  give  the 
neceffary  velocity  to  the  air  at  its  introduftion  through  the  apertures. 

All  thefe  conditions  being  attended  to,  and  fuppofing  die  pipe  B  D  to  be  cylindrical,  it  is 
required  to  determine  the  quantity  of  air  M-hich  paffes  in  a  given  time  through  the  circular 
fcftion  K  L.  Let  us  take  in  feet  K  B=  1,5  ;  B  C=B  Y=a ;  IB  D=^.  By  the  common 
theory  of  falling  bodies,  the  velocity  in  K  L  will  be  7,76  v'(/z  + ^—1,4);  the  circular  fec- 
iion  K  L  =  c,785/i\     Admitting  that  tlie  air  in  K  L  to  have  acquired  the  fame  velocity  as 

tlie 
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ihc  water,  the  quantity  of  the  mixture  of  the  water  and  air  which  pafles  in  a  fecond 
through  K  L  i8=s6,  i  «»  V  («+* — 1,4).  We  muft  deduft  from  the  quantity  {a+b — 1,4) 
th'at  height  which  anfwcrs  to  the  velocity  the  water  muft  lofe  by  that  portion  of  ve- 
locity which  it  communicates  to  the  air  laterally  introduced ;  but  this  quantity  is  fo  fmall 
that  it  may  be  negleAed  in  the  calculation.  The  water  which  pafles  in  the  fame  time  of 
one  fecond  through  B  C  b=:o,4  «*  ^  (j+o,i).  Confequently,  the  quantity  of  air 
which  pafles  in  one  fecond  through  K  L,  will  be=6,  i  a^^V  {a+b — 1,4) — 0,4  a*^ 
(/J +0,1),  taking  the  air  itfclf,  even  in  its  ordinary  ftate  of  compreflion,  under  the  weight 
of  the  atmofphere.  It  will  be  proper,  in  praftical  applications,  to  deduG  one-fourth  from 
this  quantity  J  i,  on  account  of  the  fhocks  which  the  fcattered  water  fuftains  againft  the  in- 
ferior part  of  the  tube,  which  deprive  it  of  part  of  its  motion ;  and,  2,  becaufe  it  muft  happen 
that  the  air  in  L  K  will  not,  in  all  its  parts,  have  acquired  the  fame  velocity  as  the  v/ater. 

If  the  pipe  O  do  not  difcharge  the  whole  quantity  of  air  afforded  by  the  fall,  the  water 
will  defcend  at  X  Z ;  the  point  K  will  rife  in  the  pipe,  the  afflux  of  air  will  diminifh,  and 
part  of  the  wind  will  iflTue  out  of  the  lower  lateral  apertures  of  the  pipe  B  K. 

I  fhall  not  here  examine  the  greater  or  lefs  degree  of  perfcftion  of  the  different  forms  of 
water-blowing  machines,  which  are  ufed  at  various  iron  forges,  fuch  as  thofe  of  the  Catalans^ 
and  elfewhere.    Tfaefe  points  may  be  eafily  determined  from  the  principles  here  bid  down. 

PROPOSITION  DL 

//  is  poffibUj  by  means  of  a  fall  ofnvatery  to  drain  a  piece  ofgroundj  ^without  the  help  of  machines;; 
even  though  the  ground fhould  lie  on  a  4o*wer  levels  than  the  ejtabljftted  current^  below  the  fall. 

The  means  of  doing  this  is  pointed  out  in  the  firft  experiment  of  this  treatife.  We  have- 
fcen  that  the  water  contained  in  the  veflel  D  E  F  B,  fig.  3.  Plate  VIII.  iflucs  through  the 
dunncl  M  B  V,  which  is  higher  than  the  furface  of  the  water  itfelf,  becaufe  the  fluid  which 
pafles  through  A  C  carries  with  it  the  water  contained  in  the  veflel. 

In  the  artificial  fall,  which  is  procured  in  channels  to  give  motion  to  mills,  when  the 
water  rufhes  down  by  a  re<Eiangular  trunk  of  wood,  D  B  C  F,  fig.  1 7.  placed  nearly  horizon- 
tal in  the  middle  of  the  lower  channel,  the  furface  of  the  water  at  K  is  one  or  two  feet 
beneath  the  inferior  current  (or  back-water)  F  L*.  The  water  at  F  tends  to  return  and  defcend 
along  F  K  *,  but  the  current,  by  its  lateral  a£tion,  conftantly  carries  it  away,  and  does  nqf  permit 
it  to  Aide  down  to  K.  If  an  opening  G  be  made  in  the  lateral  fides  of  the  trunk,  the  waters  from 
lands  lower  than  the  current  of  tlie  inferior  ftream  F  L  may  be  drained  off.  In  a  commiflion. 
with  feveral  of  my  colleagues,  I  once  propofed,  that  this  principle  fliould  be  applied  to  a  cafe 
of  pradlice.     The  projc£l  was  adopted,  and  the  drainage  fucceeded  yery  well. 

The  redangular  conduit  D  D  F  C  muft  be  prolonged  to  a  certain  extent  along  the  lower 
channel,  otherwife  the  water  might  flow  back  from  F  to  K,  and  oppofe  the  drainage  through  G. 
The  mill-wrights  are  aware  of  the  utility  of  this  prolongation.     Experiment  has  taught 

*  This  depreffion  of  the  level  hat  already  been  noticed  in  K.^  Gailielroi,  della  natura  d^  fiumi,  cap.  7^ 
fig.  46.  Bofluc,  ait.  7ZI.  The  wheel  alluded  to  in  the  text  mull,  I  prclume,  he  of  that  kind  which  we 
call  a  bread- wheeL^-N. 

them 
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them^  that  it  prevents  the  water  fSrom  returning  back  fo  readily  in  the  tiaie  of  floods^  which 
might  check  the  motion  of  the  5piter-wheel.  For  this  purpofe,  they  make  the  upper  part  D  F 
at  the  height  of  the  waters,  ^which  the  miil-ftream  can  refill  or  fupport.  The  town  of  Final, 
in  the  territory  of  Modena,  having  charged  me  with  the  direftion  of  changing  the  courfe  of 
part  of  the  waters  of  the  Panaro,  which  the  circumftances  of  the  town  required  to  be  done; 
I  availed  myfelf  of  this  prolongation  of  the  tail-pipe  D  F,  combined  with  other  artifices,  to 
maintain  the  adion  of  mills  in  the  new  channel;  and  I  fucceeded  not  only  beyond  the  expec- 
tation of  the  inhabitants,  but  even  beyond  my  own  hopes.  - 

PROPOSITION  X. 

The  eddies  of  the  water  in  rivers  are  produced  by  motion^  communicated  from  the  more  rapid  parti 
of  the  fir  earn  to  the  lateral  parts  ^  luhich  are  more  at  reft. 

Few  authors  have  examined  the  caufe  and  the  efiedls  of  the  eddies  of  water  in  rivers;  and 
thofe  who  have  undertaken  this  inveftigation,  do  not  appear  to  have  been  very  happy  in  their  - 
refearches. 

The  water  which  moves  in  the  channel  M  N  H,  fig.  ip.  meets  the  obftacle  B  A,  which 
impedes  its  courfe,  and  caufes  it  to  rife  and  difcharge  itfelf  in  the  dire^ion  A  C  with  an  in* 
creafed  velocity.  Suppofe  the  water  in  B  D  C  A  to  be  dormant,  the  current  A  C  communi- 
cates its  motion  to  the  lateral  particles  E  (Prop.  I.),  and  conveys  them  forward ;  the  furface  of 
the  dormant  water  becomes  deprefled  at  E,  and  tlie  moft  remote  particles  towards  D  are  urged 
according  to  the  laws  of  the  equilibrium  of  fluids  to  fill  the  deprefTion.  The  current  A  C 
continues  to  carry  them  off,  and  the  fpace  B  D  C  A  continues  to  be  exhaufted.  The  water 
of  the  current  A  C,  by  virtue  of  the  fame  laws,  is  aAcd  upon  by  a  conftant  force  which  urges 
it  towards  the  cavity  E,  while  its  natural  courfe  or  projeftion  carries  it  towards  A  C.  Under 
the  agency  of  thefe  two  forces,  the  water  A  C  acquires  a  curve-lined  motion  in  C  D,  and  de- 
fcends  as  it  were  through  an  inclined  plane,  becoming  retrograde  in  D  E,  whence  it  would 
proceed  to  flrike  the  obftacle  B  A,  and  the  current  A  C,  after  which,  it  would  undergo  feveral" 
ofcillations  previous  to  acquiring  a  ftate  of  equilibrium  and  repofe.  But  the  current  A  C 
continues  its  lateral  aftion  :  a  fecond  time  it  draws  away  the  water  through  C  D  into  E,  and 
forces  it  to  renew  its  motioo  through  the  curve  C  D  E;  in  which  manner  the  eddy  continues 
without  ceafing. 

If  the  river  Ihould  pafs  through  a  contraflion  of  its  bed  at  N,  it  will  produce  eddies  on  both 
fides,  at  P  and  at  Q,  fimilar  to  thofe  wc  have  contemplated  at  D  C. 

Suppofe  the  ftream  of  water,  after  having  ftruck  the  bank  G  H,  to  be  reflefted  into  a  ne\«r 
direftion  H  S,  the  lateral  communication  of  motion  will  excite  eddies  in  the  angle  of  reflec- 
tion R. 

When  two  currents  of  unequal  velocity  meet  obliquely  in  the  middle  of  the  river,  the  molt 
rapid  current  will  produce  eddies  in  that  which  is  the  leaft  rapid, 

Suppofe  a  ftream  of  water  to  flow  over  a  bed  of  unequal  depth.  If  the  longitudinal  fe£lioii 
of  the  inequalities  of  the  bottom  exhibit  a  gentle  flope,  as  at  A  B  C,  fig.  20.  the  fuperior 
water  will  imprefs  its  motion  by  lateral  communication  upon  the  inferior  water,  which  is  near 
the  bottom,  beneath  die  line  A  C,  and  a  current  will  take  place  through  the  whole  depth  of 
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the  fcftion  M  B.  The  current  which  is  formed  near  the  bottom  at  B,  is  turned  out  of  its 
courfe  by  the  flope  B  C,  and  proceeds  to  rife  above  the  furface  at  Qj  fometimes  in  the  form 
of  a  curling  wave  or  vertical  whirlpool.  If  the  extremities  of  the  hollow  place  form  an 
abrupt  angle,  as  D  £,  F  G,  eddies  will  be  produced  even  at  the  bottom,  in  the  vertical  dire£lion 
at  D,  and  fometimes  alfo  at  G.  Thcfe  phenomena  may  be  obferved  in  an  artificial  channel 
with  glafs  fides. 

Every  eddy  dejiroys  a  part  of  the  moving  force  of  the  current  of  the  river.  For  the  water  which 
defcends  by  a  retrograde  motion,  in  the  inclined  plane  C  D  E,  fig.  19.  cannot  be  reftored  in 
the  direftion  of  the  current  of  the  river  but  by  a  new  impulfe.  It  is  as  it  were  a  ball,  which 
is  forced  to  rife  on  an  inclined  plane,  whence  it  continually  falls  back  again  to  receive  new 
impulfions.    It  is  the  labour  of  Sifyphus. 

Hence  I  deduce,  as  a  primary  confequence,  that  in  a  river ^  of  which  the  courfe  is  permanent ^  and 
the  feElions  of  its  bed  unequal ^  the  water  continues  more  elevated  than  it  would  have  done^  if  the  whole 
river  had  been  equally  contra^ed  to  the  dimenftons  of  its  fmallefl  feElion.  The  caufe  of  this  pheno- 
menon is  the  fame  as  that  which  retards  the  expenditure  through  the  tube  with  enlarged  parts. 
(Prop.  VII.  No.  4.)  The  water  which  defcends  from  the  elevation  abote  the  contraded  part 
N>  into  the  bafon  P  Qj  fig.  19.  lofes  nearly  the  whole  of  the  velocity  it  acquired  by  defcending 
from  it  i  becaufe  the  narrow  part  has  a  curved  flope  towards  the  lower  part  of  the  river,  which 
direfts  the  velocity  of  the  ftream  in  an  horizontal  direftion.  Guiliclminihas  well  remarked,  that 
a  fall  does  not  influence  the  velocity  of  the  lower  ftream,  becaufe  the  eddies  of  the  water  in  the 
bafon  P  Q^deftroy  the  velocity  produced  by  the  fall.  This  velocity  increafes  the  depth,  and 
enlarges  the  width  of  the  channel  at  P  Q^  Eddies  are  formed  on  each  fide,  at  the  bottom^ 
tind  at  the  furface ;  both  in  the  horizontal  and  vertical  dire£):ions.  It  would  be  to  no  purpofe 
to  atttempt  to  prevent  this  hollowing  oitt  and  enlargement  of  the  channel  by  fuch  a  fall,  by 
adopting  the  means  of  clofe  walls ;  for  the  bafon  would  then  obtain  its  enlargement,  where 
thefe  conftru£iions  might  end. 

If  the  channel  have  a  number  of  fucceflSve  contractions  and  dilations,  M  N,  without 
cafcade  or  dam,  there  will  ftill  be  formed,  at  each  dilatation,  eddies  which  will  diminiih  the 
velocity  more  than  if  the  channel  had  an  uniform  feftion  equal  to  that  in  M  or  N.     It  will,  - 
therefore,  follow,  that  the  furface  of  the  water,  after  each  dilatation,  muft  rife,  in  order  to 
recover  the  velocity  it  loft  by  the  eddies.    If  we  call  the  height  to  which  the  water  muft  rife, 
above  the  elevation  necefl^ary  to  have  overcome  the  retardations  of  a  bed  of  uniform  fe&ion,  - 
=  A,  and  that  the  number  of  equal  and  fucceflfive  alternate  dilatations  and  cox\tradions  be 
=  m,  the  height  of  the  rife  in  the  ftream  thus  alternately  dilated  beyond  that  of  the  fame 
river  uniformly  contracted  will  be  =  am.     I  here  fuppofe  the  bottom  of  the  river  to  bc' 
uniform.     If  this  bottom  be  of  fuch  a  nature  to  be  attacked  by  the  current,  the  contracted 
parts  will  be  hollowed  out,  and  the  matter  will  be  dcpofited  in  the  enlarged  parts. 

The  fecond  confequence  which  I  draw  from  the  principle  here  eftablifhed,  refpeCling  the 
lofs  of  force,  caufed  by  the  eddies,  is  of  confiderable  importance  in  the  theory  of  rivers,  and 
appears  to  have  been  negleCted  by  thofe  who  have  treated  on  this  fubjeCl.  The  friCtion  of  the 
water  along  the  wet  banks,  and  over  tlie  bottom  of  rivers,  is  very  far  from  being  the  only 
caufe  of  the  retardation  of  their  courfe,  which,  confequently,  requires  a  continued  defcent  to 
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maintain  its  velocity.  One  of  the  principal,  and  moft  freqjoent,  cades  of  retardadbn  m  a 
Tiver,  is  alfo  produced  by  the  eddies,  which  are  inceflandy  formed  in  the  dihtations  of  the 
bed,  the  carities  of  die  bottom,  the  inequalities  of  the  banks^  the  flexures  or  windings  of  \t» 
courfe,  die  currents  which  crofs  each  other,  and  die  ftreams  which  ftrike  each  other  with 
difierent  velocities.  A  confiderable  part  of  die  force  of  the  current  is  thus  employed  to  re« 
(lore  an  equilibrium  of  modon,  which  that  current  itfelf  does  continually  derange* 

(To  be  condnued.) 


No.  IV- 

Concerning  a  yiew  Variety  of  argillaceous  Ironware.     By  SAMUEL  L.  MirCHILL^  M*D.  of 

New  TorL 
SIR, 


T. 


HE  annexed  defcription  of  a  mineral  fubftance,  and  the  remarks  upon  it,  are  taken^  by^ 
penniiEon,  from  Dr.  Mitchill's  manufcripts.  As  the  fubje^  appears  to  me  wordiy  to  be 
made  known  to  the  mineralogifts  of  Europe^  I  have  forwarded  you  a  copy  for  publicadon,  ia 
your  ufeful  and  inilru£Hve  Journal ;  I  have  the  fadsfa£lion  to  inform  you  at  the  f^une  time^. 
chat  Mr.  Bruce,  a  young  gendeman  who  goes  paffcnger  to  London  in  the  £une  fliip  whidr 
C(mveys  diis  note,  is  in  poflfeifion  of  a  fpecimen  of  this  remarkable  foilil.. 

I  am,  Sir, 

Your  very  obedient  fervant, 
New-rorly  Novemher  17,  1798.  ADOLPH.  C  LENT,  M.IX. 

To  Mr.  W.  Nicholfon. 


A  new  Variety  of  Irtnu-cre  of  the  argillaceous  Kind^  and  figured  fomewhat  Sie  Bafahes. 

The  fpecimen  of  columnar  iron-ore  in  my  coQe£^ion  is  from  Germany,  and  correfpcrnds^ 
^ery  well  with  Mr.  Kivwan's  fecond  variety  of  his  firft  family  of  argillaceous  iron-ores.- 
(2.  Elements  of  Mineralogy,  DubUn,  1 796.}  I  knew  of  no  other  iron-ore  of  that  chara&er^. 
undl  a  few  months  ago.  As  I  was  walking  on  my  farm  upon  Long-ifland,  furveying  the 
various  mineral  productions  that  lay  thick  under  my  feet,  I  obferved  a  fmaU  fpot,  that  ap-^ 
peared  to  be  paved,  with  ftones  of  a  regular  figure  *,  on  takix^  up  fome  of  them  and  examining 
them,  they  were  evidendy  of  the  fame  confUtution  widi  the  common  argillaceous  iroiv-ftonc» 
which  lay  fcattered  about  in  rude  lumps.  They  were,  however,  of  a  fingubr  fliape.  They 
were  about  four  inches  long  \  and  ftood  ereft,  fide  by  fide  of  each  other,  in  a  ftiff  loam-  Each 
of  them  had  five  fides  and  five  angles ;  and  though  not  exaft  pentagons,  were  readily  dif* 
ttnguiihable  in  moft  of  the  fpecimens  from  one  end  to  the  other.  This  ftiape  was  moft 
perfc^  at  the  two  ends,  which  were  confiderably  larger  than  the  middle  part,  and  about  one 
inch  and  a  half  acrofs.  So  that  when  a  fpecimen  of  this  ore  was  grafped  in  the  hand^  it  had 
fome  re&mblance  of  a  double-headed  peftle.  In  fome,  however,  four  fides  only  were  to  be 
traced. 

The 


The  number  of  thcfe  figured  bodies  was  about  thirty-Gx,  though  not  all  of  them  oqually 
•pcrfeft.  And  they  evidently  had  been  formed  from  a  folid  circular  mafs  of  argillaceous  iron- 
ore,  of  about  two  feet  and  five  inches  in  breadth,  and  four  inches  in  thicknefs;  at  the  central 
parts,  and  becoming  thinner  towards  the  edges.  In  the  natural  fra^ure  of  the  flone,  the 
fragments  took  upon  themfelres  Aefe  regular  forms,  very  much  refembling  bafaltes ;  and, 
like  bafaltes,  Ao\xgh/gtired  they  evidently  are  not  cry/lalUzedy  for  they  are  as  perfedly  terri- 
genous and  opaque  as  any  argillaceous  ore  of  iron  whatfoever. 

I  brought  away  fome  of  the  pentagonal  pieces,  and  could  eafily  get  more  of  tliem,  for  in 
tiking  out  the  few  that  I  brought  away,  I  difturbed  the  reft  as  little  as  poflible. 

Do  not  thcfe  fpecimens  go  very  far  towards  deciding  the  difputc,  if  any  doubts  ftill  re- 
.  main,  about  the  ignedus  or  aqueous  origin  of  bafaltes  ?  they  fupport,  by  the  moft  powerful 
evidence,  the  NepUmian  origin  of  that  kind  of  figured  bodies,  and  are  direftly  oppofed  to  the 
Plutonic  fyftcm.  Tlie  fpecimens  before  me  prove,  that  argillaceous  iron-ore,  which  nobody 
has  fuppofcd  to  be  a  volcanic  produftion,  can  take  on  a  bafaltic  figure."*  With  Bergman, 
VTeideman,  and  Kirwan,  I  am  inclined  to  beKe\'e  the  weight  of  tcftimony  is  oppofed  to  the 
formation  of  bafaltic  columns  by  fusion,  and  that  the  true  manner,  in  which  many,  if  not  all, 
of  them  have  been  produced,  is  in  tlie  moist  way.  This  new  proof,  added  to  Mr.  Kirwan's 
very  able  paper  on  traps  and  bafaltesy  I  think  fettles  the  controvcrfy  in  his  favour. 

V. 

Comtrnifig  the  Inventhn  of  the  EU^rical  Doublet.     By  Mr.  JOHtT  READ, 

ToM».  NICHOLSON. 
SIR, 


I 


N  your  journal,  Nov.  1798,  page  368,  you  charge  me  with  want  of  candour,  in  my  dc- 
fcHption  of  what  I  call  the  fpe£bcle  doubler  of  clefhicity.  Whether  Ais  charge  be  juft,  or 
not,  muft  be  left  to  the  decifion  of  a  judicious  public:  who,  it  is  hoped,  will  have  candour 
enough  to  compare  your  account  of  the  doubler  with  mine.  I  was  of  opinion,  that  after 
giving  you  the  priority  of  invention,  which  I  have  cxprefsly  done  in  page  29  of  my  work, 
entitled  Summary  View  of  the  fpontaneous  Eleftricity  of  the  Earth  and  Atmofphere,  no 
further  acknowledgement  could  be  required.  The  paflage  is,  **  and  to  give  Ae  plates  a  con* 
fiderably  more  extended  infulation  than  that  made  by  Mr.  Nicholfonj  without  augmenting 
the  fize  of  the  inftrument,  ^c.** 

That  your  charge  is  frivolous,  will  more  fully  appear  from  the  following  circumftance^ 
namely,  that  Dr.  Prieftley  did  actually  deliver  my  original  manufcript  into  your  hands,  with 
full  power  to  correft,  erafc,  or  add  whatever  you  chofc,  and  after  you  had  retained  it  more 
than  three  months  in  your  pofleffion,  I  received  the  manufcript  from  you,  and  found  that  you 
had  made  no  alteraticm  at  all  in  it:  of  courfe  it  went  to  the  prefs  in  the  drefs  it  is  now  in. 

k  is  not  my  intention,  at  prefent,  to  criticife  on  all  you  have  faid  in  the  paflage  alluded  to. 
As  to  the  adopting  fome  of  your  own  words  into  my^efcription,  of  nearly  the  fame  inftrument, 
could  not  well  be  avoided;  nor  can  it  be  thouglu  an  illiberal  proceeding.    But  if  youdifliked 
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it — if  you  thought  it  improper,  you  ought  to  have  mentioned  it  at  a  proper  time,  viz.  vrhcn 
you  returned  the  manufcript,  or  before  it  was  fent  to  the  prefs  \  and  your  requeft  veould  have 
been  literally  complied  with.  With  regard  to  the  inftrument  itfelf,  it  is  at  prefent  ufelefs; 
and  it  is  allowed  by  aU,  that  it  has  totally  failed  for  want  of  a  perfect  infulation.  If  this  de- 
fefl:  fhould  at  fome  future  time  be  overcome,  the  doubler  of  ele^iricity,  will  then  be  the  moft 
ttfeJulzxA  the  moft  noble  inftnunent  in  the  whole  group  of  eleftric  apparatus. 

I  remain,  fir. 

Your  very  humble  fervant, 

JOHN  READ. 

^adrant,  in  KnigbfJhriJgty 
January  I'jtby  1799. 


Though  the  above  letter  relates  to  pcrfonal  incidents,  which  may  not,  perhaps,  be  confidered 
with  any  great  degree  of  intereft,  yet  I  conceive  my  readers  will  admit  the  propriety  of  p^blifh- 
ing  it,  in  order  that  Mn  Read,  whofe  candour,  as  an  author,  has  been  called  in  queftion,  may 
juftify  himfelf  to  that  public,  which  he  has  cflentially  ferved  during  a  long  life,  employed  as  aii 
inftrument-maker  and  operative  philofopher.     I  am  well  content,  that  the  decifion  refpediing 
the  doubler,  fhould  be  made  by  the  tribunal  to  which  he  refers,  and  to  which  it  of  right 
belongs.     If  a  careful  review  of  what  I  have  written,  together  with  his  prefent  communica- 
tion, had  led  me  to  alter  my  fentiments,  it  would  be  my  duty  to  fay  fo  in  this  place.     But  I 
think  I  have  faithfully  dated  the  fadis  in  the  paflage  he  alludes  to,  and  have  only  to  remark^ 
that  the  indireA  mention  of  my  name,  in  page  29  of  his  work,  was   little,  if  at  alt, 
calculated  to  deftroy  the  conclufion  which  his  readers  would   obviouily  be  induced   to 
make,  from  the  unacknowledged  copy  in  the  former  part  of  the  chapter;  in  proof  of  which, 
the  inference  of  the  foreign  philofophers,  who  were  mifled  in  his  favour  as  the  inventor,  is 
nearly  decifive.     His  narrative  refpefting  my  having  pofleffed  his  manufcript,  previous  to 
its  publication,  is  not  quite  corre£l  iii  the  manner,  becaufe  it  does  not  communicate  the 
whole  of  what  happened.     Either  Dr.  Prieftley,  or  elfe  Mr.  Read  with  the  DoQor's  recom- 
ipehdation,  did  deliver  to  me  certain  manufcripts  about  fix  or  feven  years  ago,  which  I  believe 
fc>  have  been  part,  or  the  whole,  of  what  was  fince  publiihed,  under  the  title  of  A  Summary 
FieWf  (sfc.  but  they  were  not  put  into  my  hands  with  the  notion  that  any  relation  might 
fubfift  between  me  and  their  contents,  which  could  require  the  full  powers  Mr.  Read  men- 
tions ; — ^but  fimply  to  correft  and  prepare  them  for  the  prefs,  on  condition  of  being  paid 
.for  my  labour.     As  I  have  always  declined  this  kind  of  employ,  excepting  when  motives  of 
perfonal  acquaintance  or  friendfliip  have  led  me  to  it,  I  returned  this  copy  untouched,  and 
unperufed,  to  the  author,  and  fuppofed  of  courfe,  that  he  had  employed  fome  other  perfon  to 
revife  it.     I  hope  and  believe,  therefore,  that  notwithftanding  this  incident,  upon  which  Mr* 
Read  feems  to  place  fo  much  reliance,  it  cannot  be  tliought  to  afford  any  ground  for  an  infi- 
nuation,  that  I  have  been  induced  to  fpeak  as  I  have  done,  of  his  fliare  in  the  invention  of  the 
doubler,  from  any  motives,  but  fuch  as  ought  to  guide  an  independent  narrator  of  philofophi- 
cal  fa£ts. 

With 
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With  regard  to  the  Inftrument  itfclf,  which  is  fo  truly  honourable  to  the  fagacity  of  Lich- 
tenberg,  Klincock,  Volta,  and  Bennett,  but  in  which  my  fhare  is  certainly  very  trifling,  I  do 
not  know  that  its  imperfedions  are  greater  than  was  long  fince  afcertained  by  the  Engli(h 
cleftricians ;  of  which  an  account  is  given  in  a  paper,  at  page  394  of  the  firft  volume  of  tliis 
Journal.  If  Mr.  Read  is  in  pofTeffion  of  any  new  fadls  refpefting  its  operation,  the  public 
will,  no  doubt,  receive  them  with  as  much  attention  and  refpedl,  as  they  have  paid  to  the  re- 
fults  of  his  former  purfu'ts. 


VI. 

Inquiries  refpeEting  the  ConftruBion  of  a  Water^-wheely  an  J  the  ManufaBure  of  Bricks. 

By  a  Correfpondent. 

Mr.  Nicholfon  will  oblige  a  friend  to  his  ufeful  Journal,  by  giving,  therein,  information  on 

the  under  points. 

December  y  1798. 


o, 


N  a  ftream  where  the  fall  is  6i^  feet,  what  diameter  ought  tlie  water-wheel  to  be  ? 

Whether  a  bucket-wheel,  or  float-board-wheel  ? 

If  the  former,  ought  the  water  to  be  brought  in  at  the  height  of  the  fall;  or  a  portion  given 
for  head  ?  and  what  portion  ? 

Is  there  any  practical  direftion  in  print,  to  direft  the  procefs  of  brick-making  ?  ' 

If  there  is  not,  Mr.  N.  would  do  a  material  fervice  to  numbers,  who  are  in  fome  parts  of  the 
country,  remote  from  the  workmen  who  are  (killed  in  this  art,  by  collefting  and  publifliing 
fuch  pradical  diredions  of  the  nature  of  the  materials  and  the  procefs,  as  will  enable  the  un- 
informed to  fupply  themfelves  with  this  ufeful  article. 


The  data,  refpefting  the  above-mentioned  ftream,  are  not  fufficiently  precife  to  determine 
whether  a  bucket-wheel,  or  float-board-wheel,  would  be  preferable :  the  quantity  of  water 
afforded  per  minute  ought  to  have  been  mentioned.  The  bucket-wheel  appears,  upon  the 
whole,  to  be  beft  adapted  to  fmall  ftreams  of  water  with  a  confiderable  fall  \  but,  in  contrary 
circumftances,  the  clofe  breaft-wheel  appears  to  be  preferable,  that  is  to  fay,  a  wheel  with 
float-boards,  moving  in  a  channel  fo  well  fitted,  as  to  permit  the  leaft  poflible  quantity  of 
water  to  efcape,  without  afting  upon  the  wheel. 

The  diameter  of  the  wheel  may,  in  theory,  admit  of  confiderable  variation.  Admitting  it 
to  be  a  breaft-wheel,  its  radius  muft  be  fomcwhat  more  than  die  height  of  the  fall.  The  ve- 
locity of  the  furface  of  fuch  wheels,  as  are  driven  by  the  gravitating  power  of  water,  lies  be- 
tween two  feet  and  fix  feet  per  fecond.  Three  feet  may  be  confidered  as  a  good  pra&ical 
velocity,  as  determined  by  experience.  It  is  of  no  advantage,  but,  on  the  contrary,  a  lofs, 
to  confume  any  part  of  the  head,  in  throwing  the  water  againft  the  floats  with  a  confiderable 
impulfe;  it  is  only  neceflfary  that  the  ftream  ftiould  be  delivered  upon  the  wheel  with  fome- 

what 
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what  more  velocity  than  that  of  the  wheel  itfclf.  If  the  ftrcam  can  be  brought  on  wiA  Ae 
velocity  of  three  feet  at  the  top  of  the  fall,  it  yrill,  undoubtedly,  be  bcft ;  but  if  the  water 
ifaould  flow  from  a  pond,  having  no  perceptible  currentf  the  portion  or  Ipace  required  to  pro- 
duce this  velocity  will  be  about  one  foot  and  a  half. 

'Thefc  remarks  are  equally  applicable  to  bucket  or  overfhot  wheels* 

The  art  of  brick-making  is  concifely  defcribed  in  the  French  Encyclopedic.  Bergmann 
has  attended  to  this  fubjcfl  in  a  dired  chemical  way.  A  tranflation  of  his  treatife  inta 
Englifh,  may  be  feen  in  the  third  volume  of  his  Phyfical  and  QKUcai  £flays;  or  an  abridge- 
ment of  the  fame  in  my  Chemical  Di£lionary,  article  Brick.  As  the  art  itfelf  is  of  extenfive 
utility,  and  of  confiderable  fimplicity  in  the  pra£lice,  I  (hould,  in  this  place,  have  defcribed 
the  procefs,  with  v^marks,  if  I  were  not  defirous  of  again  infpeding  the  methods  which  are 
pra^ifed  in  the  neighbourhood  of  this  metropolis.  When  I  (hall  have  done  thisj  the  account 
he  deCres  will  appear. 

VII. 

0«  the  Combiiftion  of  Phofphorous% 


u. 


To  Mr,  NICHOLSON, 
SIR, 


PON  putting  a  fmall  piece  of  phofphorus  in  a  fliovel  over  the  fire,  in  fome  cxperimentt 
I  lately  made  for  the  entertainment  of  a  company  of  .friends,  that  fubftance  fmoked,  began 
to  melt,  and  took  fire  as  ufual.  When  the  combuftion  had  ceafed,  and  we  were  looking  at 
the  ruddy  coloured  refidue,  or  acid,  one  of  the  company  wetted  the  tefidue  by  fpitdng  upon 
it^  at  which  inilant,  the  combuftion  was  renewed,  with  a  crackling  noife,  at  every  part  where 
the  moifture  had  reached.  I  fuppofe  the  refidue  to  have  been  oxygenated  phofphorus,  or 
phofphoric  acid;  and  that  the  addition  confifl^ed  chiefly  of  hydrogen  and  oxygen.  What  then 
was  the  new  combination,  which  was  attended  with  the  farther  extrication  of  heat  ?  Will 
you  have  die  goodne(sto  explain  this  fad:,  or  fi^mit  it  to  your  correfpondents. 

I  am,  Sir, 

Your  obliged  reader, 
January  4,  1799.  -R-  S, 

I  have  complied  with  the  requeft  of  this  correfpondent,  by  publiflilng  his  letter ;  upon 
Which  my  other  fnends  will  make  their  remarks,  if  the  fubjeft  fliould  appear  to  require  it. 
Jf  phofphoric  acid,  at  an  elevated  temperature,  in  conta£i  with  iron,  can  be  made  to  emit  heat . 
and  light  by  the  addition  of  water^  as  R.  S.  appreliends,  the  true  explanation  of  the  play  of 
affinity  muft  be  fought  froni  varied  experiments,  in  which  all  the  produds,  as  well  gafeous 
as  fixed,  fhould  undergo  e^tamination.  But  in  the  inflance  before  us,  I  am  much  inclined 
to  think  the  renewed  combuftion  is  produced  by  a  portion  of  phofphorus,  which  efcaped 
the  atmoijphcric  adion  in  the  firft  burning.    That  is  to  fay,  when  a  piece  of  phofphorus  is 

burned^ 
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tornecty  in  tbe  clrcumibxices  of  the  prefenc  experiment,  the  upper  or  greateft  part  of  the 
mafs  becomes  acidified,  and  covers  a  portion  beneath,  fo  as  to  prevent  that  lower  part  from 
tcHnbining  with  the  atmofphexic  oxygen;  in  confequence  of  which,  the  coad>ufti<Hi  ceafes 
before  the  whole  is  burned.*    But  when  this  denfe  acid  becomes  diluted  with  water,  it  boils,, 
and  moft  probably  rifes,  at  kaft  fo  far  as  to  leave  the  furface  of  the  phofphorus  below 
uncovered,  and  to  permit  die  combuftion  to  be  renewed.     Inftances  of  volatility  being  given 
to  various  fubftances  by  water,  are  fufficiently  numerous  in  chemiftry ;  of  which  the  acid  of 
borax  is  one  of  die  moft  ftriking^    To  what  degree,  the  fame  effe£l  may  take  place  in  the 
phofphoric,  lam  not  aware.  Scheele  (on  Air  and  Fire,  §.  73),  indeed,  affirms,  that  water  gives 
it  fixity ;  but  he  fays  this  in  fo  loofe  a  way,  that  I  am  not  difpofed  to  rely  on  the  afiertion,  as 
imiverfally  true,  in  contradi£lion  to  fome  other  fafls,  which  ihew  that  the  diluted  acid  does 
partly  rife  by  heat. 
-J  '  ,  ■  ■ ■     s 


vm. 

Pyrometricaf  EJays  to  determine  the  Point  to  which  Charcoal  i^  a  Non^^conduEtor  of  Heat. 

By  Citizen  GUTTON^. 


s, 


'INCE  die  experifiients  and  refSbxthes  of  philofophers  have  be^  dire&ed  to  the  matter  of 
6eat,  the  ftate  in  which  it  is  found,  and  the  various  manners  in  which  it  afieds  bodies,  it 
has  been  well  afcertained  that  charcoal  is  one  of  the  worft  conductors  of  heatw  From  this 
obfervation  it  has  been  propofod  to  form  a  double  wall  to  furnaces,  and  to  fill  the  in- 
termediate fpace  with  charcoal  \  and,  very  recently,  an  happy  application  of  this  property  has- 
been  made  in  the  conftxuflion  of  vellels  defigned  for  the  preferving  the  temperature  of  warm 

infufions. 

I  am  not,  however,  acquainted  with  any  refearcfaes  whidi  may  have  been  made  to  fix, 
even  comparatively,  the  limits  of  this  kind  of  infulation.  The  effe£^  of  the  non«condu6iing 
power  of  charcoal  has  been  fo  flightly  confiiered,  even  by  the  moiiaccompliflied  chemifts, 
diat  they  have  not  thought  it  necellary  to  take  any  account  of  diis  effeCl  in  the  refult  of  their 
operations.  Hence  it  is,  that  the  celebrated  Klaproth,  in  a  feries  of  experiments  upon  the 
alteration  which  ftones  undergo  when  expofed  to  extreme  heat,  feems  to  think  that  the 
heat  might  have  been  nearly  equal  in  fuch  as  were  contained  in  crucibles  of  porcelain,  and 
Aok  which  were  entirely  furrounded  with  charcoaL  The  redu£^ion  of  the  oxides  of 
tungften,  titanium,  and  uranium,  has  alfo  been  attempted  in  crucibles  of  charcoal,  though  it  is> 
well  known  that  die  higheft  degree  of  heat  is  here  required  for  the  fufion,  and  that,  in  other 
rcfpefts,  every  endeavour  muft  be  made  to  expofe  them  to  the  moft  intenfe  ignition. 

Thefe  refle£Uons  have  led  me  to  conclude,  that  it  might  be  of  fome  importance  to  obtaim 
a  more  accurate  meafure  of  this  infulating  tScGt  of  charcoaL  The  following  are  the  experi-^ 
ments  which  I  have  made  upon  this  fubjeft. 

'  Out  of  the  fame  parcel  I  took  two  pyrometic  pieces  perfefiUy  alike,  and  placed  one,  whicb 
I  {hall  call  A,  in  a  crucible  filled  with  pure  Cliceous  fand  dried  over  the  fire.     The  crucible* 

•  Read  to  the  French  National  Inftitutc,  6th  Germinal,  in  the  6sh  ycftf  of  the  Republic  (March  »6,  1798),* 
aiid  iafcrred  in  the  Annalet  dcChimie,  XXVX.  za.^.- 

wa». 
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was  8  decemeters  high,  6  in  diameter  at  the  mouth :  the  cylinder  of  day  was  placed  ia 
the  middle,  and  the  crucible  had  its  cover  luted  on. 

The  other  piece,  B,  was  placed  in  a  (imilar  crucible,  with  this  difierence,  that  the  crucible 
was  filled  with  powder  of  charcoal,  which  had  been  previoufly  ignited  in  a  clofe  crucible. 

The  two  crucibles  were  then  placed  befide  each  other  on  the  grate  of  a  large  melting 
furnace,  in  which  the  fire  was  kept  up  for  about  three  quarters  of  an  hour. 

When  the  crucibles  were  cooled,  the  cylinder  A  was  taken  out  of  the  (and,  and  prefented 
to  the  pyrometic  fcale  of  Wcdgewood ;  it  had  undergone  a  contraction  of  89  degrees.  The 
cylinder  B  was  then  uken  out  of  the  charcoal,  and  flopped  in  the  gage  at  60,25  degrees. 
It  had  acquired  a  grey  tinge,  but  without  any  appearance  of  glazing. 

Hence  it  follows,  that  the  tranfmiilion  of  heat  through  the  fand,  is  to  the  tranfinlflion 
through  the  charcoal  nearly  in  the  proportion  of  3  to  2.  In  proportion  as  this  difierence 
is  in  itfelf  (hiking,  the  more  it  becon^es  necefiary  to  attend  to  fuch  precautions  as  are  re- 
quired to  prevent  deception  arifing  from  foreign  circumftances.  The  crucibles  had  mod 
afluredly  undergone  the  fame  degree  of  fire.  The  ftatc  in  which  they  were  found  exhilnted 
the  traces  of  its  adion :  the  conditions  were  therefore  as  equal  as  poflible ;  but  it  mighty 
pofTibly,  be  fufpecled  that  fome  defed,  or  want  of  uniformity  in  the  pyrometic  piece,  or 
fome  imperfection  in  its  compofition, .  or  fabrication,  might  have  altered  its  difpofition  to 
contra£l  equally,  and  proportionally  to  the  heat  it  might  undergo.  There  was  a  very  fimplc 
method  of  removing  thefe  doubts  %  namely,  to  afcertain  whether  the  fame  piece  put  into 
the  fand,  and  ezpofed  to  a  much  ftronger  heat,  would  refume  the  common  courfe  of  con- 
tradiion,  and  agree  with  the  former.  This,  in  fa£l,  was  performed  \  the  fame  two  pieces^ 
A  and  B,  were  inclofed  in  one  and  the  fame  crucible  filled  with  fand,  fo  that  they  were  not 
more  diftant  from  each  other  than  about  7  or  8  millimetres,  and  the  crucible  was  expofed 
for  half  an  hour  to  the  moft  violent  heat  of  a  forge,  urged  by  three  twycrs. 

The  crucible,  when  cold,  was  found  to  have  loft  fome  of  its  thicknefs  by  vitrification,  io 
that  there  was  a  crack  in  one  of  its  fides.     The/and,  however,  was  not  deranged  within. 

The  piece  A  marked  163,5  upon  the  pyrometic  fcale,  it  weighed  no  more  than  1,491 
grammes  \  its  fpecific  gravity  was  2,232. 

The  piece  B  exhibited  160  degrees  on  the  pyrometer,  it  weighed  1,53  grammes,  and  its 
fpecific  gravity  was  2,346.  It  had  almoft  loft  the  grey  tinge  which  it  had  acquired  in  the 
charcoal,  and  was  no  longer  diftinguiihable  from  the  other  but  by  a  black  vitreous  pointy 
produced  by  the  acceffion  of  fome  foreign  matter. 

I  confefs  I  did  not  expeft  to  be  fo  completely  fuccefsful  in  this  verification  :  the  imall 
difference  of  3 '  degrees  is  nothing,  when  we  conCder  that  the  piece  firft  inclofed  in  the 
charcoal,  and  which  had  ftopped  at  60,  was  ftill  capable  of  contrafting  through  an  additional 
100  degrees.  It  is,  befides,  known  to  be  phyfically  impoflible,  that  two  bodies  placed  in 
the  fame  crucible,  and  in  contaft  with  the  fame  fubftance,  ihould  be  ftriclly  in  the  fame 
fituation  as  to  the  reception  of  heat,  particularly  when  the  blaft  is  diredlcd  from  three  diflRfr- 
ent  nozzles,  which  are  neccflarily  unequal.  Tlie  advanced  ftate  of  one  of  the  fides  of  the 
crucible,  with  refpeft  to  the  fufion,  is  a  proof  that  this  was  in  faft  the  cafe. 

We  may  therefore  conclude  from  thefe  elTays,  that  the  body  included  in  the  charcoal  in 

the 


tlie  f^me  fire,  does  not  receive  more  than  about  two-thirds  of  the  heat  of  a  body  furrounded 
SKrith  quartzofif  fand ;  that  the  reduction  of  metals  which  do  not  flow  at  a  lower  degree  of 
heat  than  130  degrees^  cannot  be  efieded  in  charcoal ;  that  the  pyrometric  pieces  do  not  af- 
ford an  accurate  judgment  of  the  heat  communicatedi  unlefs  they  be  in.  contadi  with  fub- 
ftances  of  the  fame  kind  as  thofe  which  furround  the  body,  on  which  the  chemical  procefs  is 
performed ;  and  laftly,  that  with  thefe  attentions  we  may  make  an  advantageous  ufe  of  this 
inftrument,  of  which  the  applications  will  not  be  fufficiently  known,  until  we  fliall  be  able 
to  procure,  at  pleafure,  cylinders  fabricated  after  the  manner  of  Wedgewood,  of  a  clay  fuf- 
ceptible  of  lofing  0,18  of  its  volume  by  contra£tion  ;  or,  which  is  the  fame  thing  (fuppofing 
no  daftic  matter  to  fly  oflF),  of  pafling  from  the  fpecific  gravity  of  2,05  to  2,45,  between  the 
degree  of  ignition  required  for  baking  the  bifcuit  of  earthen  v^rare,  and  the  higheft  heat  of 
furnaces,  without  undergoing  a  commencement  of  fiifion. 

I  have  made  a  great  number  of  experiments,  widi  the  intention  of  difcovering  a  clay 
which  might  naturally  exhibit  thefe  properties,  or -which  might  acquire  them  by  eafy  and 
cheap  preparation.  I  hope  4  (hall  be  (hortly  able  to  communicate  fatis£a£tory  refults  to  the 
clafs  of  the  inftitute. 


.IX. 

Defcffption  of  Of  I  Air-pump,  of  a  new  ConJlruElton.     B;f  the  Rev.  J  AMES  LlTTL£,  of  Laclen^ 

in  the  County  of^ayo,  in  Ireland*. 

HE  puiiip  hefte  defcribed  i#t-a  portable  one,  contrived  fo  as  to  be  confined  in  a  very 

fmall  fpace ;  but  the  author  obferves,  that  it  may  be  made  of  a  different  form,  aAd  with  two 

.         ••• 

barrels,  though  not  conveniently: 

Kg.  I.  plate  XXI.  is  a  perfpediive  view  of  the  whole  machine,  as  it' lies  before  the 
operator.    Fig>  ft.  is  ^  back  view  of  the  fame? 

The  barrel  A  A  (fig.  i.)  is  almoft  fifteen  inches  long,  and  internally  in  diameter  juft  two 
•inches.  The  pifton  (fig.  3.)  is  folid,  without  any  perforation)  it  comfifts  of  circular  plates 
of  leather,  prefled  tog«ther  between  the  round  plate  a  (in  the  foCkct  of  which,  ^,  the  pifton 
•rod  was  inferted,  and  fattened  by  a  crofs-fcrew,  before  the  leathers  were  put  on),  and  the  two 
upper  plates  c  and  d  5  of  which  the  outer  one,  1^  being  fcrewed  upon  a  fcrew  formed  on  the 
outfide  of  the  focket,  prefles  down  the  under  plate,  and  tliis  the  leathers,  which  latter  are 
•not  repreil^nttd  in  Ac  figtfns.  The^upper  plate,  when  fcrewed  on,  lies  even  with  the  upper 
part  of  the  focket,  that  when  the  pifton  is  raifed  to  the  top,  it  may  touch  the  plate  covering* 
the  upper  part  of  the  tarrcl,  leaving  no  air  above  the  pifton.  Thefe  two  plates  of  the  pifton, 
efpecially  the  lower  one,  are  made  fo  large  as  juft  to  move  in  the  barrel  without  touching 
it,  and  caie  was  taken  that  when  the  pifton  is  put  down,  it  (hould  be  every  where  in  conta^ 

*  Irilh  Trasiadions.  VI.  319.  The  pjiper  from  which  the  above  is  abftri^cd,  could  not  be  given  on 
account  of  its  extent.  It  occupies  77  pages.  Some  of  the  early  air-pumps  were  made  with  an  horizontal 
barrel.  There  it  a  plate  of  one  tn  Senguerdii  Philofophia  Naturalis,  the  fecond  edition  of  which,  in  4to,  was 
publifhcd  at  Leydenj  1685. 
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with  die  plate  at  the  bottom  of  the  barrel,  this  plate  being  turned  in  tlie  btl&e  upoi%  the  piilni^ 
rod,  which  fitted  its  focket  exa^Uy,  io  that  not  the  leaft  fpace  toight  be  left  for  lodgment  of  air 
fuider  the  pifton.  The  leathers  are  of  tlie  beft  buck-ikin»  dreffed  in  the  uiual  manner,  firm 
\a  its  texture,  but  not  harfli ;  and,  being  well  dried,  were  foaked  in  a  mixture  of  three  part& 
fuet,  melted  with  one  part  oil,  before  they  were  put  tog{Sther :  tbcy  were  then,  when  coldj 
turned  in  a  lathe  on  the  plfton  with  a  very  lliarp  tool  *• 

The  cylindrical  iron  rod  of  the  pifton  is  well  finifhed,  and  moves  through  a  collar  of  leathers*. 
As  it  is  altogether  neceflary  that  this  rod  fitould  move  moft  exa^iy  in  the  middle,  or  axis,  of 
the  barrel,  care  was  taken  that  the  pofition  of  the  box,  and  of  the  focket  annexed  to  it,  ihould 
be  fecured,  by  having  a  prominent  part  of  the  plate  of  die  box  of  leathers  inferted  into  the 
pump  barrel,  and  a  like  projeding  part  of  the  lid  of  die  box  isiferted  into  the  box  itfelf ;  alfa 
that  the  pifton  rod  fhould  moft  exaAly  fill  the  focket  in  the  lid.  Over  the  cdlar  of  leatbersy 
within  the  box,  lies  a  tinned  brafs  plate,  which  is  prefied  down  upon  them  by  the  ends  of 
three  fcrews  3  3,  fcrewe^  through  the  lid  of  the  box* 

The  pifton  is  moved  up  and  down  by  the  toothed  flat  bar,  or  rack,  F,  whofe  end  is  fur« 
nlflied  with  an  arm  G  (to  be  taken  off  occafionally),  which  arm  is  fecured  againft  a  (houldeir 
formed  on  the  end  of  the  pifton  rod  by  a  nut  H  £prewed  on  the  rod  \  the  rack  is  moved  by  a 
Imall  fteel  wheel  L,  of  twelve  teeth,  turned  by  the  handle  X  on  its  axis  L.    This  wheel  is. 
fuftained  by  the  cheeks  |K  E,  fig.  i.  and  2.  furniihed  with  projecting  fockets,  through  whick. 
its  axis  paffes,  and  thefe  cheeks  arefcrewed  to  the  iron  bar  M,  which  is  a  part  of  the  'frame 
ftt|^rdng  the  whole  maclune  \  by  this  bar  it  is  faftened  by  clamps  to  whatever  taUe  it  is. 
placed  on.    From  the  middle  of  the  bar,,  and  at  right  angles  with  it,  extends  horizontally  am 
arm  N  (ri vetted,  and  brazed  upon  the  bar),  the  under  furfacc  of  the  arm  being  on  a  level  with 
the  upper  one  of  the  bar ;  this  arm  fupports  the  gage-glafsY,  and  terminates  in  a  cro(s*piece 
(making  together  the  form  of  the  letter  T),  to  which  piece  and  to  the  arm  the  receiver-plate  i#. 
fcrewed  by  fcrews  underneath,  inferted  into  its  thick  margin. 

The  bar  M  fupports  the  upright  pieces,  or  pillars,  o^  9,  terminating  in  the  lemicircular  vtm^ 
/,  py  on  which  the  barrel  is  faftened  by  four  fcrews  at/,  /,  (brewed  a  little  way  into  its  pro- 
jeAing  rings.  Thefe  pillaiis  are  made  of  iron,  and  very  ftsong,  being  half  an  inch  in  thick- 
nefs  \  they  are  alfo  moft  fimily  fixed,  and  (hould  be  brazed  in  the  bar  which  fupports  them  % 
this  being  neceflary,  as  all  the  force  of  the  handle  of  the  wheel,  by  which  the  rack  is  worked^ 
bears  againft  thefe  pilbrs ;  and  if  they  were  to  be  (haken,  the  cement,  by  which  the  se« 
ceiver-pipe  is  connected  with  the  pump,  would  be  broken,  which  cannot  otherwife  happen. 
Thefe  pillars  fupport  alio  the  iroa  cafe,  or  {heath,  P  P^  extended  uademeath  the  (umfi- 

•  If  tanned  leather  were  ufed  for  the  pifton,  &c.  it  might  be  foaked  in  oil  alone ;  but,  befidei  that,  it  is 
apt  to  grow  too  hard  by  compreffion,  and  alTo  to  corrode  the  braft  of  the  barrel  more,  from  the  acid  imparted^ 
by  the  bark,  with  which  it  is  tanned ;  it  alfo  emits  a  greater  quantity  of  elaflic  fluid  in  vacuo  than  leather 
which  is  not  tanned.  On  thefe  accounts,  I  have  ufed  buck-ikin  leather  for  the  pifton  ;  but  tha  texture  o£ 
this  being  ^^ttj  loofe,  oil  only  would  not  fill  its  pores,  fo  as  to  make  the  pifton  air-tight,  even  when  the 
leathers  were  clofely  prefled^  and  it  was  neceflary  to  fill  its  grain  with  the  above  ftiSer  compofitios.  Yet 
this  leather  will  alfo  generate  air,  and  is  harder  to  be  made  air  faft  3  it  alfo. moves  fo  fU%  in  the  barrel,  that, 
(crhaps,  good  fiioc  kather  k  preferable  to  ic«— Im     • 
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,  barrel,  within  which  cifc  Bides  the  toothed  bar,  or  rack,  F,  moved  by  the'wheel,  and  this  tack 
(with  its  cafe)  is  fixed  exa£tly  parallel  to  the  axis  of  the  cylinder,  that  it  may  draw  out  the 
pifton  rod  precifeiy  in  that  Predion  in  which  itfelf  moves :  the  bar  is  -hs  of  an  inch  in 
thickncfsy  bat  is  an  inch  in  breadth  from  the  bottom  of  its  teeth  to  the  back  of  it.    It  is 
made  thus  ftrong,  that  the  end  of  it  may  not  be  drained  upward  from  the  proper  dire£Hon, 
when  it  is  urged  forward  by  the  wheel,  and  yet  checked  by  the  pifton  rod,  after  the  pifton 
is  raifed  to  the  top  of  the  barrel.    To  confine  the  rack  in  the  true  fine  of  its  motion,  it  is 
made  perfe^^y  ftraight,  ladof  the  fame  dimenfions  in  its  whole  length,  and  its  cafe  the 
fame,  fo  as  to  fit  each  other  moft  exa£%ly,  that  it  may  be  kept  in  its  due  pofition,  when  the 
greateft  part  of  it  b  drawn  out  of  the  cafe  \  for  which  purpofe  alfo  it  is  made  (as  likewife 
die  cafe)  fo  much  longer  at  either  end  than  the  part  neceflary  to  be  toothed,  as  to  permit  a 
great  part  of  it  to  remain  in  the  cafe,  when  the  pifton*  rod  is  drawn  out  to  its  utmofl:  extent : 
accordingly  in  this  pump  it  a£h,  in  this  refped,  as  well  as  could  be  wiihed*.     A  notch  is 
cut  out  of  the  cafe  at  I,  to  allow  the  teeth  of  the  wheel  to  take  into  thofe  of  the  rack ;  and 
to  keep  the  cafe  firmly  in  its  place,  little  notches  are  cut  in  the  upper  edge  of  it,  into  which 
the  contiguous  parts  of  the  pillars  are  let,  and  it  is  fecured  fo  by  wedges,  a  2}  underneath. 
It  will  be  known  that  the  cafe  of  the  rack  has  its  due  pofition,  when  the  arm  G  being  taken 
off,  both  the  rack  and  the  pifton  rod  pulled  out  to  their  limit,  are  found  to  be  parallel.    The 
pillars  are  made  as  fhort  as  pofliUe ;  to  favour  which  the  frame  M  has  a  furrow  cut  in  the 
middle  of  it,  under  the  wheel  I,  to  let  the  teeth  of  the  wheel  defcend  almoft  to  the 
table  on  which  ibe  machine  refts ;  and  the  pump  barrel  is  placed  as  near  as  may  be  to  the 
rack. 

On  the  upper  part  of  the  box,  containing  the  collar  of  leathers,  is  a  proje£Kng  pait  of  Ae 
metal,  in  the  (haperof  a  cube,  forming  a  Kttle  pedeftal  Qj  on  this  is  phced  the  valve/;  from 
bcfneath  which  defcends  a  ftraight  du£l  into  the  barrel,  without  penetrating  the  box :  the 
form  of  the  puts  of  this  valve  (all  made  of  Itfafs,  and  of  the  fixe  of  the  originals  belonging 
to  the  pump)  is  reprefented  in  fig.  4.  in  a  vertical  fe6lion.  A  A  is  a  fquare  plate  (to  be  taken 
off  if  it  (hould  require  to  be  ground  and  pdifhed  anew  in  contaA  with  the  valve),  which  is 
faftened  on  the  pedeftal  with  cement ;  it  has  a  hole  in  the  middle,  being  the  opening  of  the 
duQ,  in  which  is  inferebd  the  little  elevated  pipe  r,  to  be  occafionally  taken  out ;  whofe  ufe 
is  to  prevent  the  oil  applied  to  the  valve  from  being  blown  down  into  the  du£l  by  the  air  rufli- 
ing  into  the  barrel :  the  elevated  part  of  the  piate  /?,  a^  is  circular,  and  has  its  upper  furface 
made  plane  and  poliflied,  on  which  refts  th^  valve  D  -,  which  is  fo  far  hollowed  within,  that 
only  its  lower  edge,  being  about  *Vth  of  an  inch  thick  (which  is  alfo  well  poliflied),  may  be  in 
contafk  with  the  plate  under  it,  and  alfo  that  its  Cavity  may  rife  above  the  little  pipe :  the  valve 

*  By  this  contri^aDce  of  fixbg  the  battel  of  the  pump  horizontal,  and  its  rack  underneath  the  barrel,  it  is 
made  fo  portable,  that  I  have  packed  ic  (the  gage^glafs  and  receiver  being  taken  off)  in  a  box  tw<^  feet  long, 
eighteen  inches  i^iride,  and  feven  in  depth  ;  and  it  (hould'be  remembered  that  the  moft  operofe  parts  of  it  here 
defcribed,  are  the  frame  and  machinery  neceiTary  to  render  a  pump,  with  Jo  hnga  cylinder^  portable ;  a  great 
part  of  which  macHinery,  if  h  were  not  portable,  would  not  be  fpared,  but  merely  exchanged  for  the  huge 
frame  of  thofe  fo  coBftfu£ted.-*L. 
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is  almpft  cylindrical,  taperiiig  but  a  little  from  the  bafe  upward,  and  being  laid  on  tSe  plate^ 
witli  a  fmall  drop  of  oilinterpofed,  the  hollow  cylindrical  cap  E,  very  little  wider  internally 
than  the  valve,  is  put  over  it,  being  fadened  down  on  the  projefting  circular  part  of  the  plate 
a  a.  To  let  the  air  pa&  through  this  cap,  three  little  holes,  ^,  r,  are  made  in  its  fides,  i3m 
centres  of  which  are  juft  as  high  as  the  lower  edge  of  the  valve  D,  when  it  is  raifed  to  touch 
the  top  of  the  cap  \  the  holes  being  higher  than  the  plate  under  the  valve,  that  the  oil  may 
not  run  out  by  them.  When  this  valve  is  found  to  admit  air  into  the  barrel,  it  is  occa- 
fioned  either  by  the  oil's  being  blown  away,  or  fome  particle  of  dull,  &c.  getting  between  it 
and  the  plate  (wliieh  would  produce  the  fame  efie£):  in  any  valve),  and  is  remedied  by  taking 
it  off,  wiping  it  clean,  and  applying  another  drop  of  oil :  the  greater  the  quantity  of  air  is^ 
which  pafles  by  the  valve,  the  more  is  the  oil  diffipated ;  and,  confequently,  this  chiefly  hap- 
pens in  the  beginning  of  the  exhauftion,  when  much  air  is  drawn  from  the  receiver,  and 
thrown  out  of  the  barrel  at  each  ftroke ;  fo  that  whenever  great  rarefaflion  is  requifite,  I 
often  found  it  convenient,  towards  the  end  of  the  operation,  to  apply  a  frefh  drop  of  oil  to  the 
valve>  keeping  the  pifton  in  the  mean  time  elevated  to  the  top  of  the  barrel,  whilft  the  valve  is 
taken  off,  until  it  be  replaced  \  which  is  done  in  an  indant :  thus  it  will  perfonh  perfedly 
well  if  quite  clean  and  free  from  dud ;  but  as  the  fmalled  particle  of  dirt,  or  mucus  (which 
is  apt  to  be  produced  from  the  oil's  corroding  the  brafs,  and  becoming  clammy),  will  render 
the  valve  not  air-tight,  I  am,  therefore,  perfuaded,  that  no  valve  will  fo  perfedMy  or  cer- 
tainly exclude  air  as  a  dop-cock  ;  and  this  I  take  to  be  the  chief  reafon  why  Mr.  Smeaton's 
pump,  as  improved  by  Meffrs  Haas's  and  Hurter's  contrivance,  for  raifrngthe  valve  at  the 
bottom  of  the  barrel,  does  not,  in  praftice,  anfwer  as  well  as  any  other :  for  if  fome  air  did 
not  return  into  the  receiver  by  that  valve  in  pumps  on  his  condru£Hon,  it  would  be  hara  to 
tell  why  it  iliDuld  not  perform  as  well  as  a  pump  of  any  other  condruAion. 

To  the  bottom  of  the  barrel  is  fadened  by  four  fcrcws,  paffcd  through  its  prominent  rim^ 
the  circular  plate  R,  forming  in  part  the  fliell  of  the  cock  S,  and  which  has  the  high  ridge 
T  on  the  back  of  it ;  all  thefe  being  only  one  piece  of  metal,  which  is  reprefented  fepa- 
rately  in  fig.  5.  and  was  cad  in  that  form :  the  round  plate  is  about  ^th  of  an  inch 
tliick  •,  but  the  cavity  of  the  cock  intrudes  lb  far  on  this,  that  when  the  key  of  the 
cock  is  put  in,  the  thicknefi  of  the  plate  in  the  part  direftly  over  the  key,  where  the 
du£ls  open  into  the  barrel,  is  not  more  than  ith  of  an  inch:  the  length  of  the  fliell 
of  the  cock  is  three  inches;  that  of  the  key  -Jth  of  an  inch  lefs:  the  diameter  of  the 
key  at  the  thicker  extremity  i&  i  ^^ths  of  an  inch,  and  at  the  fmaller  end  i^  ^th  of  an 
inch.  It.  is  turned  by  the  handle  Uj  fadened  on  its  axis  as  near  to  the  end- of  the  fhcU 
as  may  be ;  viz.  at  the  didance  of  ^th  of  an-inch.  Care  was  taken,  that  the  metal  of  the 
cock  fliould  be  free  from  pores,  by  which,  if  air  were  admitted  in  the  working,  it  would  be 
very  hard  to  difcover  it,  as  this  might  take  place  only  m  certain  pofitiom  of  the  key  j  and  ,the 
ointment  might  fometimes  prevent  and  fomctimes  fuffer  it,  fo  that  it  might  elude  trials  \ . 
the  cock  was  alfo  fo  truly  and  fmoothly  ground,  as  to  produce  an  intimate  contaft  of  the 
key  and.  fliell  throughout  (for  air  will  penetrate  where  liquids  would  not) ;  it  was  alfo. 
made  of  a  true  conical  fliape,  its  fides  bemg  perfedlly  draight  from  end  to  end.    The  cock 
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muft  be  lubricated,  and  made  wr-tight  by  ointment  * ;  and  as  all  oU  or  grcafy  ointment  has 
an  acid  in  it  (of  whichi  perhaps,  it  can  never  be  divefted  without  deftroying  its  lubricity), 
vfaich  corrodes  the  brafs,  and  ftiffens  the  oil  or  ointment  itfelf,  by  impregnating  it  with 
green  ruft  or  verdegris,  I  found  it  neceffary,  after  the  cock  was  finiftied,  to  have  the  key 
and  the  infide  of  the  fliell  coated  with  tin* 

The  key  of  the  cock  terminates  in  a  little  knob  x^  fig*.  2.  againft.  which  the  end  of  the 
thin  fprrng-  leyer  y  prefTes  to  keep  the  key  conftantly  firm  in  its  (hell :  this  fpring  is  made 
tx>  urge  onward  the  key,  with  any  degree  of  force  requifite,,  hfy  the  fcrew  at  y,  fcrewed 
through  the  outer  part  of  the  little  arch,  or  frame,  which  fsame  is  itfelf  fattened  by  fcrews 
on  the  prominent  ring  of  the  barrel,  as  appears  at  «,  fig,  a-     The  lever  has  a  little  ridge^ 
or  elevated  part,  which  refts  in  a  notch  in  the  frame ;  by  which  the  lever  is  fixed  in  its. 
proper  place,  the  notch  being  the  fulcrum :  by  withdrawing  the  fcrew  the  ridg^  may  be 
raifed  out  of  the  notch,  and  tlie  lever  pulled  back  from  the  knob,  to  let  the  key  be  taken  out. 
when  it  requires  more  ointment ;  which  will  be  known  when  it  has  worked  into  the  fliell 
nearly  to  its  limit  \  and  this  fliquld  be  carefully  learned,  by  marking  how  far  it  can  be  in-^ 
ferted  into  the  fliell  without  any  ointment  interpofed*.    The  form  of  the  key^  and  its  lever^ 
is  exhibited  in  fig»  6.  in  an  horizontal  fe£lion  through  the  middle  of  them*. 

Through  the  fliell  of  this  cock  are  two  round  perforations  for  two  du&s,  through  the 
cock,  each  one  inch  diftant  from  the  other^  and  the  fame  from  the  end  of  the  cock  on  either 
fide :  they  are  in  a  plane^  or  fedion,  pafling  through  the  axis  of  the  key,  and  alfo  through 
the  axis  of  the  barrel  \  and  both  pafs  through  the  ridge  of  metal  T  at  the  back  of  the  flielL 
The  dufi  next  the  fmaller  end  of  the.  key  (being  a  part  of  the  6}xGt  communicating  witli  the 
xecciver)  i»  in  diameter  ith,  and  the  other  du£l  is  only  ^th  of  an  inch :  through  the  key,  alfo, 
are  du£ls  anfwcring  to  the  perforations  in  the  fliell^  but  die  du£b  in  the  key  are  not  both 
in  the  fame  fe£^ion  of  it»  but  one  of  them  is  at  right  angles  to  the  other ;  fo  that  when  one 
of  the  dufls  through  the  cock  is  open,  the  other  will  be  always  fliut,  and  t/irr  verfd.- 

There  is  a  continuation  of  each  of  tliofe  du&s  formed  in  the  piece  of  metal  V^  which  is 
joined  (by  cement  interpofed)  to  the  ridge  of  the  fliell.  of  the  cock  by  die  four  fcrews  ^,  gy 
fig.  I.  by  two  openings  (into  the  two  du£b  in  the  piece  of  metal)  oppofite  to  thofe  in  the 
ridge  j  and  thefe  dudks  in  the  piece  V  have  two  other  orifices  at  Oj  and  r,  where  the  two 
pipes  a  by  fig  u  and  c  d,  fig,  2.  communicate  with  the  two  canals  in  the  piece  of  metal, 
being  conneftcd  with  them  only  by  the  help  of  cement,  diat  die  barrel  with  its  cock  may  be 
occafionally  disjoined  from  them:  thus  a  feparate. communication  is  formed  between  each 
of.  the  pipesj  and  the  barrel. 

The  pipe  a  b  is-only  -rath  of  an- inch  in  diameter,  except,  at  its  orifices,  which  are  widened v 

*  This  I  have  made  of  one  part  of  common  rofin,  one  part  cil,  and  one  part  and  a  half  frefli  fuet :  the  oil 
and  rofin  is  firft  melted,  and* when  a  nttlc  cooled  the  fuet  is  added,  that  the  heat  rcquifire  to  melt  the  rofin 
may  not  burn  the  fibrous  part  of  the  fuet,  and  dcftroy  its  firmncfs  :  more  oil  is  to  be  added  in  cold,  than  id 
warm  weather.  The  quality  of  the  ointment  for  the.  cock  is  of  the  utmoft  confcquence ;  for  if  ever  the  parts 
of  the  mcul  of  the  cock  came  into  immediate  coataa,  it  will  not  be  air-faft  ;  oil  will  not  render  it  (b  (nor 
confcquently  would  a  valve) ;  but  the  ointment  muft  be  ftifF  and  adhcfive  j  yet  not  too  ftiff,  as  then  it  would 
be  hard  to  turn  the  key,  and  it  could  not  be  diftinguiflied  whether  its  ftiffnefs  was  owing  to  the  ointment,  or 
tathc  friaion  of  the  parts  of  the. metal  getting^  into  immediate  contaft,  which  would  be  pernicious.— L. 

one 
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one  of  them  is  conne£led  at  by  with  a  du£k  formed  in  the  piece  of  metal  If  attached  to  the' 
box  of  leathers  C  at  the  top  of  the  barrel,  which  du€t  turning  in  an  angle,  without  pene- 
trating the  box,  opens  into  the  barrel :  this  pipe  and  du£l  are -joined  by  a  fimple  application' 
of  their  orifices,  which  are  made  in  the  contiguous  fides  of  both,  and  the  joint  made  air- 
tight, by  cement  melted  around  with  a  blow-pipe }  and  the  fame  might  be  efFe£ted  by  the 
preflurc  of  a  fcrew  clofing  the  furfaces  with  oiled. leather  interpoicd.  By  this  pipe  when 
the  valve  b  (hut,  and  the  key  of  the  cock  fo  placed  ^t  the  communication  of  this  pipe 
with  the  bottom  of  the  barrel  is  open^  if  the  pifton  be  deprefled  from  the  top,  all  the  air* 
which  is  ttftder  it  will  be  forced  to  pafs  by  tlus  pipe  into  the  barrel  mAmxt  the  pifton ;  and' 
vice  verfd  if  the  pifton  be  elevated  from  the  bottom  \  fo  that  according  to  (he  motion  of  the 
pifton,  theair  under,  or  over  it,  within  the  barrel,  is  made  to  change  its  place,  and  to  cir- 
culate from  the  fpace  under  or  :above  the  pifton  to  the  oontrary  \  from  which  effed  of  this 
pipjc,  I  call  it  the  circylatmg  pipe.  - 

'  The  other  pi  pe«  or  du^ly  is  reprdfented  at«r  i/,  fig.  2.  which  exhibits  a  back  view  of  the 
pump  :  its  extremity  c  entors  the  block  of  metal  V  to  communicate  with  the  ixiQt  therein,- 
and  fo  with  that  through  the  cock  into  the  barrel :  its  end  c  has  a  wing  foidered  to  it,  by 
which  it  is  firmly  fcrewed  lo  the  piece  V;  this  being  necefiary  left  the  cement  by  which 
alone  the  joint  there  is  made  air-faft,  (hould  be  cracked  by  any  ftiock  moving  the  barrel  ; 
or  it  might,  perhaps,  be  fecnred  by  the  fcrew  with  only  leather  interpofed :  this  duft  is  a  very^ 
wide  one,  that  die  air  may  die  fooncr  pafs  through  it ;  it  has  a  turn  at  right  angles  at  dj 
and  another  at  if,  from  whence  it  extends  under  the  pillaer  B,  and  pump-plate  C  D,  through 
the  middle  of  which  it  rifes  at  A ;  it  has  a  branch  turning  at  right  angles  from  A  under  the 
pump-plate,  the  end  of  which  terminates  in  a  round  orifice  with  an  infide  fcrew,  that  by 
nieans  of  a  pipe  fumiftied  with  a  ftop-cock  ;  or  cftherwife  another  pump*plate  and  receiver,' 
or  feveral  of  them,  may  be  connefted  with  it,  being  laid  on  the  fame  table  which  fupports 
the  pump :  when  fuch  are  not  ufed,  the  orifice  is  clofed  with  a  ftop-fcrew  as  at  D.  From 
this  pipe  rifes  a  branch  £,  inferted  into  the  top  of  the  brafs  cap  F  of  the  glafs  veflel  T,  and 
opening  into  the  veflel  by  a  ^viQ.  made  in  the  thick  plate  of  the  cap.  G  is  a  reduced  baro«' 
meter  tube,  to  be  filled  in  the  moft  perfeA  manner  with  mercury,  and  immerfed  into  a  pool 
of  mercury  in  the  bottom  of  the  glafs  veflel.  The  interval  between  the  tube  and  the 
neck  of  the  veflel  is  clofed  by  cement,  which,  as  the  neck  muft  be  a  good  deal  wider 
than  the  tube,  is  efie&ed  by  a  de^  ring  (I)  fitted  to  the  tube,  having  a  round  plate  aft  th? 
bottom  of  it  i  which  being  let  down  on  the  tube  after  it  has  been  immerfed  in  the  ciftmm, 
,  is  joined  with  cement  to  the  top  of  the  cap.  The  tube  was  eafily  immerged  in  the  mercury 
within  the  veflfel,  by  covering  its  open  end,  and  fuftaining  the  mercury. in  it  by  a  little  plate, 
or  fcale  of  iron  (P),  fig,  7.  having  two  threads  tied  to  it,  through  two  holes  made  near  its 
.  edges  \  which  threads  were  grafped  together  with  the  top  of  the  tube  between  the  fingers^ 

and  the  tube  was  inverted,  and  let  down  into  the  mercury  in  the  veflel :  the  little  plate  was 
then  pulled  up  by  one  of  the  threads,  it  being  made  fo  fmall  as  to  pafs  through  the  neck 
of  the  glafs  while  the  tube  was  within  it,  and  remained  immerfed  in  the  mercury*  :  the 

.•  I  thought  thit  the  beft  way  of  fixing  the  reduced  barometer,  for  if  there  were  a  fcparatc  veflel  as  » 
cif^ern  for  the  mercury,  and  a  receiver  placed  over  it  and  the  tube,  the  eye  when  on  a  level  with  the  furf^ce 
of  the  ilagnant  mercury,  couU  Qoc  fee  the  altitude  of  that  in  the  tube  with  precifion  through  two  gitfles.— L. 

iFeiel 


fefil  wM-tben  dbfed  at  die  ti^  with  melted  cement;  and  as  it  cooimttmcates  by  the  pipe 
£  with  the  conduit-pipe,  it  ii  exhaufted  with  the  receiver,  and  the  mercury  in  die  tube  will 
fiiok  as  the  raref a&ion  advances :  if  a  perfect  vacuum  could  b^  made  in  the  receiver,  and 
gage-vefi^t  it  would  fink  more  or  Icft^  hematb  the  level  of  the  furrounding  aiercury,  aa 
the  tube  is  narrower  or  wider,  evea  fi>  as  to  difappear  if  the  tube  were  very  narrow  ^ 
fo  that.it' muft  xiot  be  lefs  than,  r'oths  of  an  inch  in  diameter  j  but  it  wouM  be  better 
if  it  werp  -j^dis.  If  it  were  obfenred,  how  miich  the  mescury  in  a  tube  open  at  both 
ends  would  fink  beneath  the  level  of  that  in  a  cifiiem  in>  the  open  air,  it  might  be  prett; 
nearly  eftimated  how  great  is  the  rascfa£tion  in  this  gage-veflel»  and  conlequently  in 
the  recdver** 

In.  ordec  diait  each  of  die  duAs  here- defcribed  flumld  alternately- camttunicate  to  die  bar^ 
rd,  it  is  necefiary,.  that  die  cock  fhould  be  moveable  dirough  a  quarter  of  a  ton^  and  confined 
to  that  motion  This  is  efie£ted,  by  a  pin,  Hf,  fixed  perpendicularly  in  the  backof  die  handle, 
fig.  I .  which,  when  the  handle  is  fixed  iaits  place,  delbibes  a  ^ladrantal  arCf  under  the  Ihell 
of  the  cock,  wheoe  there  is  juft  room  to  allow  fuch  a  modon. 

The  a£tion  of  this  pump  may  be  readily  apprehended  fironk  the  conftmfiHon  of  its  parts. 
When  the  pifton  is  at  the  bottom  of  the  barrel,  and  die  key  of  the  cock  turned  to  its  limit 
which  opens  the  communication,  between  the  barrel  and  the  receiver  and  at  the  fame  dme 
fliuts  that  with  the  circulating  pipe  *,  the  pifton  being  dien  drawn  to  the  top  of  die  barrel  dis- 
charges the  air  through  the  valve,  while  other  air  from  the  receiver  rufhes  into  die  barrel,  and 
JdUows  the  pifton.  As  foon  as  the  pifton  has  arrived  at  the  upper,  or  more  remote  end  of  the 
barrel,  the  key  of  the  cock  is  again  turned,  and  flints  ofi^  the  conne6Hon  with  the  receiver,  and 
opens  that  with  die  circulating  pipe.  The  pifton  being  then  deprefled^  drives  the  air  through 
the  pipe,  into  die  upper,  or  remote  end  of  the  barrel.  When  the  pifton  has  arrived  at  its^ 
limlti  the  ftroke  is  ended,  the  key  of  the  cock  is  to  be  again  turned  to  open  the  receiver,  and 
i  fecond  ftrokt  may  be  made,  with  die  fame  confequences  as  die  firft ;  and  in  this  manner  the 
ftocefs  may  be  continued  at  plea&ire.  The  limit  of  exhauftion  will  be-  when  the  air  in  the 
teceiver  fliall  have  become  as  rare  as  the  air  in  the  barrel  would  be  when  the  pifton  is  up^ 
fiippofing  no  communicadon  to  have  taken  place  between  it  and  the  receiver.  • 

When  the  pump  is  required  to  condenfe,  the  air  is  made  to  move  iaa  reverie  £re£lion<. 
The  cock  of  the  gage-veflfid  is  ftopped,  that  it  may  not  be  burft.^  the  vahe  it  taken  off;  die 
communication  of  the  bottom  of  the  barrel,  to  the  circulating  pi|>e,  opened  by  the  key  of  the 
cock,  and  the  pifton  raifed  to  the  top.  The  external  air  pafles  into  the  lower  part  of  the 
barrel;  and  by  turning  die  cock,,  ib  as^  to  open  the  receiver,  and  fliut  the  circulating  pipe,  and 
then  deprefCng  the  pifton,  the  aTr  is  forced  into  the  receiver,  which  ought  of  courfe  to  be  of 
Efficient  ftiengdi,  and  pr(^>erly  fecured.  By  fliuttiiig  the  receiver,  ndftng  the  jnfton,  opening, 
die  reoeivier  again,  and  returning  die  pifton  •  to  its  former  fituation^  anodier  ftroke  b  made,  and 
Aefic  altematioiis  may  be  carried  oivto  any  dcfired  or  pra^aUe  extent 


•  The  author  prefer»the  ihort  baroBicftr*gage  to  the  fyphott^gage,  becauft  in  this  lift  he  thinks  the- 
motion  it  impeded  bf  the  tube,,  and  tht  acicury  tcseaei  foul  on  Alt  fids  which  csmipumicariis  with 
the  receiver*— N. 

The 


5^0*  Native  Prtifflan  Slu^.-^Nathe  Copper. 

The  remainder  of  Mr.  Little's  paper,  confifts  of  numerous  obfcnratiohs  and  remarb»  wtCti 
fomc  experiments ;  a  confiderable  number  of  the  former  of  which  arc  familiar  to  fudr  aft 
have  attended  to  this  branch  of  natural  philofophy :  but  the  whole,  though  evidentljr  flwrt  of 
What  the  author  muft  have  originally  intended,  will  be  read  with  intereft  and iaHsfaAiont  by 
tiiofe  who  may  confult  the  memoir  itfelf. 


X; 
Ghfervations  on  Chemi/lry  and  Natural  Hjfiory.     By  PROFESSOR  VANDELLI^m 
1.  Fq§U  Pruffian  Bluijrom  Minos  Geraes  in  the  BrMziU. 

JLn  digging  a  mine  at  S.  loao  del  Rey,  to  the  depth  of  more  than  forty  palms  (about  27  feet 
Englifli),  large  brittle  bones,  and  foine  teeth  of  a  cetaceous  animal  were  found  in  the  clay, 
which  occupied  a  fpace  of  more  than  fifty  palms  fquare  (about  35  feet  Englifh).  Thefe  bonesf 
and  the  clay  with  which  they  were  intermixed,  were  white  when  firft  extraded,  but  foozi 
became  blue  when  expofed  to  the  air  f  • 

'  Thefe  bones  and  clay,  in  the  blue  ftate,  being  expofed  to  the  a£Hon  of  a  moderate  fire,  be~ 
<:ame  green,  emitted  a  weak  flame,  and  afterwards  loft  their  colour.  The  reddifh  earth  which 
remained  was,  for  the  moft  part,  attraAed  by  the  magnet. 

The  Pruffian  Uue  was  foluble  in  the  marine  acid,  and  in  this  flate  loft  its  colour.  By  addi- 
tion of  a  fixed  alkali,  the  precipitate  was  afibrded  of  a  green  colour,  which  afterwards  became 
blue,  of  more.intenfity  then  at  firft. 

The  mixture  of  bones  and  clay,  being  fufed  with  a  proper  flux  for  iron,  afibrded  three 
parts  of  their  weight  of  iron,  which  was  intirely  attra£led  by  the  magnet. 

Refpe£ling  the  fbilil  PrufTian  blue,  as  the  reader  may  confult  the  works  of  Wallerius,  Berg-» 
man  and  Kiiwan,  I  fhall  not  enter  into  any  further  detail.  . 

2.  Native  Copper  ef  Brazil.  This  mafs  of  copper  was  found  in  a  valley  two  leagues 
from  Cachoeira,  and  fourteen  from  Bahia.  It  weighs  nearly  2616  arratels  (or  nearly  pounds 
Englifh),  and  its  figure  is  rhomboidal,  the  upper  furf ace  being  irregular,  on  account  of  fomer 
cavities  and  protuberances.  Its  greateft  height  is  three  feet  two  inches,  its  width,  at  the  bafe, 
two  feet  and  a  half  j  and  its  greateft  thicknefs  ten  inches,  Paris  meafure  %. 

The  external  colour  of  the  mafs  is  deep  reddifh,  with  fpots  and  particles  of  a  greentfh  blue, 
produced  by  the.  decompofition  of  the  copper.  On  the  lower  furface  appear  fome  yellow 
fpots  of  ochre  of  iron.     .    . 

At  various  parts  of  the  furface^  particularly  the  lower  furface,  feveral  pieces,  large  and 
fmall,  are  obferved,  which,  at  firft,  ieem  to  htjerrum  micacetm  i  but  when  examined  by  fixe 
they  prove  to  be  indurated  oxide  of  copper.  For  an  ounce  of  this  fubftance  afibrded 
tliirteen  parts  out  of  fixteen  pure  copper. 

♦  From  the  Tranfadtions  of  the  Royal  Academy  of  Sciences  at  Lift)on,*I.  259. 
f  Tor  an  explanation  of  this  phenomenon,  fee  Prouft  in  this  Journal,  I.  45  5. 

*  The  foot-royal  ofl^aris  is  to  that  of  London  ai  1,0000  to  0,9383.— N. 

Tluu 


TUs 'copper  buog  aflaycd^  afibrded  povindicatiom  x>f  gold  o»  filve>.,. 
Another  piece  of  virgin  capper,  was  found  at  thc/amo  placejE  biit  m^ch  fmatler  than  the 
ieregoing.    A  jn^ia  of  copper»  of  the  magnitude  liefe  d^fcribedj  h^^  very  rarely  been  met 
•8'Mr*  Monnet  remarks*.  •     •         '' 


XI.     • 

On  the  ManufaBurt  of  Hats^  and  other  OhjeBs^     By  a  Correfpondent. 

To  Mr.  NICHOLSON. 

SIR^.  Newcaftic,  9thjaniuiry,  i79f. 

T-       ■  •        ■ 

H  E  oUigmg  manner  m  viiich  you  hare  nerttced  my  jcnqmriesi  lefpe&ing  the  hatting 
bufinefS)  induce  me  to  fend  you  others  on  another  bufinefs,  equally  productive  of  mifchief^ 
to  the  morals  and  the  health  of  a  clals  of  induftriousj  but  depraved,  fellow  men — ^I  mean  die 
journeymen  flax-dreflers;  thofe  and  the  journeymen  hat-makers,  are  aimoft  proverbially 
vicious,  and  I  confefs  I  look  with  ianguine  expeCbtions  of  reform,  to  the  period  that  will 
exhibit  machinery  for  each. 

b it poffible  to  conftnift  ftqiachme^  fcr ihe  pmrpofe  of  dreifing  flax?  There  are  machiim, 
I  underftand^  in  Scotland^  invented  about  40  y^ars  ago  (vide  Engliih  £m:jdopedia,  article 
Fhx  I)refliag)t  for  the  ]prakiag  and  £cutching  of  that  article:  might  theie  not  be  extended  to 
the  further  procefs  of  the  heckles  ?  Perhsqps  the  chum  is  equally  upon  humanity  as  ingenuityj 
for  I  have  been  toid  (and  I  have,  from  my  own  knowledge  in  that  bufinefs,  fcarce  any  doubt 
of  its  truth),  that  ^e  journeymen  are  obliged  to  give  it  over,  about  the  age  of  40,  £nom  an^  ap« 
proach  oi  cwfumption  i  and  onCi  whom  I  am  told  was  lately  opened  at  his  death,  had  hfs  lungs 
^overedfuitba  tbUkcrufi^  conned  of  the  firt  received  tspw  them 

Accept  the  following  informatipa,  as  &e  beft  J  can  yet  a£Ebrd  you,  oii  jthe  fubj«^  ,oimj 
queries  in  your  laft  (p.  467}  \  they  have  been  obuuned  fince  my  writing  to  youjofl  the  flib- 
jeA.  Hats  were  invented  at  F^irisj  A.D.  1404,  by  what  circumftance  I  am  yet  ignoran^. 
Firft  made  in  London,  1510.  The  abovCj  though  an  anonymous  communication  to  me^  I  bc- 
Jieve  will  not  be  ^und  far  from  the  tn^ttb.  There  is  a  hoyfe  ^n  Dcrbyihire,  name  Cooper  Bibby 
and  J}ownal,  2t  Lea  Wood,  near  Cromford^  in  that  county,  who,  I  underlUnd,  ufe  machines 
in  the  making  of  hats,  but  how  far  in  the  procefs  I  am  not  yet  able  to^  diicovar:  perhaps 
fome  of  your  correfpondents  may  have  informed  jo%  in  consequence  of  my  quecies.  The 
commcm  account  ambngft  the  journeymen  isj  that  the  property  ofnvooltofelt  was  firJll  dtfcovered 
l>y  a  ihejiherd,  who  had  wool  in  his  ihoest  his  name  was  Clement,  and  they  k^ep  the  25th  of 
November,  as  a  day  facred  to  diffipatioti  and  an  old  Jbepberd  faint.  Saint  Catherine,  I  un^a- 
l^nd^  i^  the  paiaronefs  of  the  journeymen  flax«4rej^iniu  Jt  is  probable,  />&^  will  celebrate  •the 
25th  of  November. 

•  Nouveau  Syftdme  ae  Minenlogk,  pt{9  314,  Miiies.dc  CoiviiB.  Tbc  Cabinet  of  Mines  at  V.ttjherg^' 
iieiCcta  fpecunen  of  this  kind,  weighing  ten  pounds,  whkh  is  the  fiaeft  and -kugeft  fpsdnenof  native  oogper 
hltheno  known.  ' 

VoL.n— Feb.  1799.  3U  Thefe 


Thde  fuggeftiMii  may,  I  bope.  afibfd  a  ducad  to  others,  nujce  ccmvcrllut  m  the  theo^  of 
Mahuzzim,  or  (aiiits  prote£bxaf  Aan  I  am,  to  firoiir  jon  with  infimrmatioa  of  more  oonfe- 
quencc  on  the  fubjcfbof  the  manqfaftorica  fa  qaeWoiu  Tlie  cditm  of  dieEagiifli  Eoqr-^ 
dopedia  (aj,  that,  on  the  fubjed  of  dreffing  flax,  they  refer  their  readers  to  fome  obfbnratioiia 
in  the  Gentleman's  Magazine,  for  Jnne,  1787 :  I  have  not  that  book  at  hand,  but  I  hope 
jroiir  readers  may  find  in  it  (bme  ground-work  for  future  machinery^ 

lam,  Cr,. 

Yours,  tec. 

N.L- 
|n  the  liquor  for  boiling  of  wool  hats,  after  bowing  and  baibning,  one  part  of  hunian  urine 
ismadenfeof,  and  two  parts  clean  foft  water :  Could  not  (bmething  be  fubftitutcd  m  place  of 
the  urine,  which  might  be  ijuattj  ttftfid  im  bandtmmg  ibi  boodf  and  exclude  fo  dirty  an  ingre-. 
dient^? 


xn. 

f 

BtOfM  rf  a  LetUr  Jirm  Cithuu  Ranrnd^  Jffoeiah  rfthe  Natimal  b^HhtU^ Fra^ff^ 
fijir  ^  Katmral  Hj/hrj  at  Tariesy  to  Citiatn  HaSf,  Memkr  tf  tie  ^/Ktute  at  Par 
Mjf  tw9itecmjlomt$Mwnt  Perdu,  them^^evtitifummk  rfOe  Pyreman  Mmmttm 


I 


Bangu,  5  aonplcm.  day,  in  the  year  V. 


FLATTER  myfelf,  Cidzen,  that  you  will  not  hear,  without  intereft,  fuch  events  as  have 
proved  moft  remarkaUe  in  the  refults  of  my  travels  of  the  prefent  year.  I  haften  to  com- 
municate tbem,  with  the  hope  diat  the  portion  of  your  time  which  I  fhaD  engage  wiO  be  well 
snaid  by  the  geological  faQ  which  b  the  obje£l  of  this  letter* 

tiount  Perdu  is  the  moft  elevated  mounts  in  the  chain  of  the  Fyreneans.  In  my  (or- 
toffx  ftavels,  I  proceeded  along  the  bales.  Reboul,  who  has  fucceeded  in  determmiifg  its 
height  by  obfervations  made  from  various  elevated  points,  had  likewife  approached  it  in  a  dif- 
ferent dir e£lion.  It  is  certain  that  the  whole  of  the  furrounding  group  is  calcareous,  and 
^  afpeA,  which  can  fcarcely  deceive  thofe  who  are  habituated  to  behold  and  contemplate 
ipountainii  had  determined  my  belief  that  the  entire  pic  was  of  the  fame  nature. 

Abundance  of  calcareous  matter  forms  one  of  the  diftin^l  chara£lers  of  the  Pyrenean 
mountains^  but  tobeh(dd  this  genus  in  pofleffion  of  the  very  creft  of  die  chain,  the  place 
w|iich  the  granite  occu]^  in  every  other  known  chain  of  mountains,  was  a  phenomenon  too 
lingular  1^  to  infjure  vt^  with  the  ftrongeft  defire  to  afeertain  its  eziftence. 

The  enterprize  was  not  widiout  its  difficulties ;  and  among  them,  that  which  was  the  leaft 

*  The  preparatioDt  for  my  change  of  refidence,  at  mentioned  on  the  wrsppefy  hive  induced  me  to  defer  ny 
ova  M>renrationt  and  report,  concerning  hatting,  till  next  month.— N. 

f  Read  to  the  French  Natiooal  Inftitute  at  the  finmg  of  the  aift  Vcndtmiaire,  in  the  6th  year  of  theRepub» 
Ik  (lith  O&obcri  1797)1  and  inlerted  in  the  Joumsl  de  Mines,  No.  37,  of  the  fame  year. 

fbrefcea^ 


Calcofiotu  Smnmit  of  the  Pjrewan  Mountmns.  ^li 

ferefeen^  was  the  abfolute  ignorance  in  which  I  found  all  the  countiy  people,  with  regard  to 
the  real  pofidon  of  Mount  Perdu.  It  i$  not  vifible,  but  from  die  elevated  fituadona,  and  di£- 
appears  as  foon  as  you  defcend.  It  was  neceflary>  therefore,  to  feek  the  road,  as  chance  nu^ 
direfby  through  the  moft  horrid  deferts,  which  are  nerer  frequented,  either  by  the  hunter,  or^ 
by  ihepherds. 

On  diis  occafion,  I  had  the  good  fortune  tp  enjoy  the  company  of  our  colleague,  La  Pey^ 
niufe;  and  I  ufed  every  effort  in  my  power  to  fecure  lus  company  in  thofe  regions,  in  which 
I  forefaw  fo  many  interefting  obfervations  would  prefent  themfelves.  But  his  ftrength  did 
not  permit  him  to  accompany  me  longer  than  the  firft  day,  and  part  of  the  fecond.  I  left 
him  at  the  foot  of  the  firft  glaciere,  taking  with  me  his  fon,  and  one  of  his  pupils,  together 
with  four  of  my  own.  I  will  not  fatigue  you  with  the  detail  of  our  own  fufieringi,  nor 
alarm  you  with  an  account  of  our  dangers;  but  (hall  Cmply  obfenre,  that  after  having  tm* 
printed  our  fteps,  during  three  hours,  in  the  hardened  fnows,  which  the  inclination  of  thet^ 
plane  rendered  very  dangerous,  we  arrived  at  a  fununit  oppofite  Mount  Perdu,  which  raifed 
us  to  its  middle  part.  I  ^prer  beheld,  even  in  the  Alps,  any  oh]t€t  of  greater  magnificence ; 
I  do  not  except  the  approaches  to  Mount  Blanc*  The  calcareous  mountains  pofleis  a  fim- 
plicity  of  form  and  majefty  which  is  peculiar  to  them :  now  Mount  Perdu  is  calcareous,  ab- 
iblutely  calcareous,  and  of  fecondary  compofition.  I  defcended  from  my  fituation  towards  a 
vaft  lake,  ftiU  frozen,  which  rqpofes  at  its  feet  I  crofled  this  lake  \  I  vifited  every  fpot  where 
the  external  fiiows,  and  horrid  glacieres,  have  fufiered  the  naked  rocks  to  penetrate.  Every 
where  I  found  grit,  brecpja,  and  compaA  calcareous  ftone,  covered  with  the  prints  and  ^  re- 
mains of  marine  bodies :  marine  remains  at  the  fununit  of  the  Pyrenees,  and  on  the  pic 
:  which  predominates  over  all  thefe  mountains ! — ^This  phenomenon  acquires  a  chara£ler  ftili 
more  wonderful,  when  we  confider  that  the  entire  chain  exhibits  none  of  thofe  atteftations 
of  the  former  r^fidence  of  the  ocean  \  and  that  it  is  in  vain  we  feek  them  in  our  fecondary 
calcareous  ftones,  our  bituminous  ftones,  or  flates,  all  which  are  deprived  of  the  prints  of 
iheUs  and  vegetables.  I  pafied  from  the  flanks  of  Mount  Perdu  into  the  valley  of  Pinede, 
where  it  pours  its  waters ;  I  came  to  the  port  or  pafiage  of  Pinede,  one  of  the  moft  elevated 
of  the  Pyrenees.  The  fame  phenomena  every  where  prefented  themfelves ;  every  where  I 
law  grit,  breccia,  and  common  calcareous  ftones,  abounding  with  marine  bodies;  and  by  caft- 
ing  my  eyes  along  the  extenfive  valley  of  Pinede,  I  law,  in  all  parts,  the  continuation  of  the 
banks  in  which  I  had  obferved  thefe  remains. 

La  Peyroufe  had  feen  the  oppofite  fide  of  the  mountains  which  I  vifited :  he  coafted  along 
them  to  meet  me  at  the  port  of  Pinede.  He  obferved  part  of  thefe  wonders,'  and  partook 
pf  my  harveft.  Stormy  clouds  having  covered  the  pic,  at  the  time  of  my  arrival  at  my  firft 
excurfion,  it  became  oeceflsunp  to  revifit  it  at  a  more  favourable  feafon ;  I,  therefore,  refumed 
die  route  of  Mount  Perdu,  fifteen  days  ago,  with  a  couple  of  friends  only,  and  fome  hardy 
IDountaineers.  AU  the  glacieres  were  then  uncovered,  by  the  diflTolution  of  the  fiiow  whicS 
had  laid  upon  them ;  the  lake  was  unfrozen,  and  the  dangers  of  approach  were  confider-, 
aUy  iocreafed.  It  was  neceflary  to  lecure  our  footfteps  in  the  hardeft  ice  by  heavy  ftro]^s 
of  the  hatchet.  We  fufifered  much  in  this  excurfion,  and  I  could  nek  iqP9q]1i  the  f|U{uqit| 
Wl  the  iky  was  adnuraUy  iSnene,  and  I  touched,  as  it  were,  thofe  rocks  which  I  couU  not 
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alccfid.  At  this  t&ne,  I  Beheld  the  wKole  ftru£(are  of  the  monntaint,  idie  difedicm  and  i 
diniition  of  the  ftrata,  the  -entire  fucceffion  of  its  layers ;  every  fad  was  manifefted  to  mf 
fljgkt,  and  I  completed  my  colleftion  of  marine  bodies^  which  are  contained  in  thefe  snoim* 
tiihs. 

To  the  weft,  as  well  as  to  the  eaft,  every  part  is  fccondary,  and  full  of  ihells.  I  ibit  one 
of  my  pupils  towards  Yignomak,  who  brought  me^  coma  ammonia.  It  is,  as  I  have  vm-» 
tnrcd  to  affirm  in  my  printed  obferrationS)  an  enormous  fccondary  maft,  fuperpofited  on  the 
edifice  of  the  chain,  and  which  covem  the  fonfhem  part  to  the  thidoiefs  of  ten  or  twelve 
Hometrcs,  and  is  in  length,  forty. 

The  moft  perfe^  among  the  remains  of  marine  bodies  which  I  fowid  in  thefe  regions 
b  a  perfeft  ammonite,  the  exad  impreffion  of  a  pedmite,  the  prints  of  afterkes,  many 
oyfters  in  the  ToUd,  caryophiilites,  and  a  multittide  of  madrepores.  I  Ihall  not  enter 
imp  more  drcumftantial  details*  The  geologic  and  geographic  refohs;  die  nature  and  in* 
dination  of  the  different  banks;  thdr  conneftion  with  the  rocks  which  fiipport  them i  the 
ftate  of  vegetation ;  the  infedb  oUeited  in  thefe  elevated  regional— ^will  form  msterials  for 
a  memonr,  which  I  intend  to  draw  up,  when  in  a  kfs  inter lupled  ibcte,  for  the  purpofe  of 
tranfinitting  it  to  the  National  Inftitute.  But  I  am  defirous  that  the  principal  £i£b  fliould 
be  communicated  to  that  body,  with  all  the  intereft  of  fioveky,  and  I  think  them  fufficiently 
interefting  to  requeft  your  mediation  in  this  refped. 

If  you  think  it  proper  likewife  to  tranfmit  them  to  the  Council  of  Mines,  I  requeft  that 
y^  will  permit  me  to  give  you  the  trouble  of  performing  diis  office. 


xin. 

An  AhftraR  of  a  Metnmr  upon  tie  F^l  Bonts  rf  Ammals.    By  Citizen  CuriMJL.  * 
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HE  intention  of  the  Author,  in  this  memoir,  was  to  colle£t  as  much  as  it  was  in  his  power 
aU  the  foffil  bones  appertaining  to  each  fpecies  of  animal,  whether  of  foch  as  he  hinifelf 
had  (een,  or  thole  of  whidi  he  merely  had  a  defcription  in  authors,  to  form  or  recompofe 
the  Ikdetons  of  thefe  J^cies,  and  to  compare  them  with  diofe  which  now  exift  on  the  fur* 

■  ■  *  ■ 

fiice  of  the  globe^  in  order  to  determine  their  relation  and  difierences.    Hie  following  is  a 
Series  of  the  fpecies  to  which  his  attention  has  been  direded. 

i»  The  animal  which  affi)rded  the  bones  and  teeth,  called  the  bones  and  horns  of  die  mam- 
mouth,  by  the  Ruffians,  and  inhabitants  of  Siberia.  Similar  tbffile  remains  are  alfo  found 
in  Europe.  It  is  a  fpecies  of  elephant,  refembling  the  elephant  of  Afia ;  but  from  which  it 
difiers  in  the  alveolae  of  its  teeth,  and  its  tuiks  being  longer,  the  angle  of  its  lower  jaw 

'*  Communicsted  to  the  Society  d'Hifioire  Katurellc  at  Paris.     This  abrtdgmmt  is  tnmflated  from  the  bul- 
btacftbe  8Mifli6  PWilomali^ue,  No.  iS,  year  VL 
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tipag.more  olituict  and  Jthe  laminx  of  whkh  its  grindera  art  compofed  b^ng  tlunner.  The 
tsue  anak^ous  luring  animal  is  not  knowiij  though  it  ha3  been  hitherto  confidered  as  the  or- 
dinary elephant* 

2.  The  animal^  of  which  the  remains  are  found  on  the  banks  of  the  Ohio  in  North  Ame- 
tica,  which  the  Americans  and  EnglUh  have  alfo  named  mammouth,  though  it  differs  much 
from  the  former.  Remains  of  .this  animal  are  aUb  found  in  Europe  and  in  Afia.  It  muft 
*  have  been  /leasly  the  height  of  the  elephant^  but  more  bulky^  its  tuiks  are  fmaller;  its 
gcinders  as^  armed  with  large  cutting  points^  of  which  the  Ceftion  by  wear  prefents  double 
tranfverlal  lozenges.  There  are  three  molar  teeth  on  each  fidcj  one  of  four^  one  having  fix, 
and  one  eighty  points* 

2*  The  aiiimal  of  which  the  teeth  tinged  by  copper  afford  the  turquob  ftone»  and  of  which 
there  was  a  mine  at  Simore>  in  Languedoc.  The  remains  of  thb  fame  fpecies  is  found  io 
thr  departnaeat^^  Aii^  in  Fern,  an4  elfewhete.  It.muft  have  coaCderably  refembled  the 
fymat,  but  the  .points  of  its  molar  teeth  are  rounds  and  when  wom>  their  fe^Uon  prefents, 
firft*  a  AiTcle,  then  a  ^enouF^nral,  and  afterwards^  a  figure  of  a  trefoil^  wluch  has  caufed  them 
to  be  confounded  wijdi  the  teeth  of  the  rhinoceros :  fome  of  thefe  teeth  have  twelve  points, 
othcn  fif,  others  Cbur. 

4,  The  rhinoceros.  The  feet  and  fragments  of  the  jaws  of  this  animal  are  found  in 
France,  and  dioMrheie,  in  which  the  anthor  has  hidierto  obferved  nothing  which  difiers  from 
the  common  rhinoceros^  bu^  as  he  has  not  yet  ieen  an  entire  bone,  he  cannot  pofitively  af* 
firm  that  diey  ^  identical. 

5.  The  fpecies  of  rhinoceroSf  vnth  an  oblong  craneum,  which  is  found  in  Siberia,  Ger- 
many, and  other  countries.  The  author  has  feen*  teeth,  and  parts  of  the  jaw-bones,  found 
in  France,  which  appeared  to  him  likewife  to  belong  to  this  animal^  the  principal  chara£]ter 
of  this  fpecies  confiib  in  the  long  dofiure  of  the  aofe :  the  living  analogous  animal  is 
i^nknown. 

6*  A  molar  tooth  with  twa  tranfverial  eminences,  which  is  in  the  poflciQon  of  Citizen 
GiUet  i  and  of  which  the  National  Mufeum  poflefles  a  young  tooth  that  refembles  neither  the 
teeth  nor  .the  germs  of  any  animal  yet  known,  whether  living  or  foflile;  the  only  iooth 
^(fhi^^b  thif  fli^^ly  refembles  is  the  laft  giolar  tooth  of  the  rhinoceros.  This  tooth,  there- 
fore, indicates  the  exiftenqe  of  a  fixthi  foflile  ipecies,  of  which  the  living  analogous  animal  is 

itnk»owm 

,7«  Thean^oa^l^  tw^hr^  kct  in  length,  and  fix  in  height,  of  w^ch  the  fkeleton  was  found 
under  ground  at  Paraguay,  and  is  preferved  in  the  royal  cabi;ciet  at  Spain,  at  Madrid.  The  au- 
thor- pr^vDi'by  a  detailed  ixxxyariibn  of  the  bone%  with  thofe  of  all  the  known  quadrupeds, 
that.it  is  jl'^oper  and  diflinA  fpecies,  more  nearly  approaching  the  floth  than  any  other  genus, 
and  that  it .  may  be  calkd  the  giant  floth.  Citizen  Cuvier,  in  this  place,  conununicates  the 
intcgrefting  diftrovery  he  has  made,  that  the  iloth  (bradjpus  tridaQybus.  Lin.)  has  naturally 
and  QOnftantly  nine  cervical  vertebrae.  It  is  the  firft  known  exception,  eftabliihed  by  Citizen 
Dauberton,  that  all  quadrupeds  have  neither  more  nor  left  than  (even  cervical  vertebra. 

8.  The  animal,  of  which  the  remains  are  found  in  the  caverns  near  Gaylenreuth  and 
Muggendorf,  in  the  margraviate  of  Bayreuth,  in  Franconia.    Various  authors  have  coflfi- 
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dered  it  as  a  white  bear;  but  it  difim  from  this  animal,  as  well  as  firom  all  the  knovm 
bears,  in  the  form  of  its  head,  which  is  particularly  charaAerized  by  the  proje6lion  of  the 
front,  by  the  abfence  of  the  fmall  tooth,  which  all  the  known  bears  have  bdiind  each  canine 
tooth,  by  the  ofieous  channel  of  the  humerus,  in  which  the  brachial  artery  paflet;'  did  by 
fercral  other  circumftances  in  the  figure  and  proportion  of  the  bones.  TUs  ^nimalt  how« 
ever,  refembles  the  bear  more  particularly  than  any  other  kind* 

9.  The  carnivorous  animal  of  which  the  bones  aie  found  in  the  pfaufter-ftofte  of  ISonte-* 
martre :  the  form  of  its  jaws,  the  number  of  its  molar  teeth,  and  the  peintt  with  iriuch  diey 
are  armed,  indicate  that  this  fpecies  is  referriUe  to  the  genus  canis;  but  it  does  not  com- 
pletely refemble  any  fpecies  of  this  genus.  The  moft  ftriking  diitin£Hve  mark  ^  that  the 
feventh  mohir  tooth  is  the  greateft  in  the  animal  of  Montemartre,  whereas  the  fifdi  is  the 
largeft  in  dogs,  wolves,  foxes,  &c. 

10.  The  animal  of  which  the  lower  jaw  was  found  near  Veronat  has  been  cottfidered  by 
Jofeph  Monti  as  a  portion  of  the  cranium  of  the  fea^-cow;  a  notion  which  all  die  geologHtt 
have  adopted,  though  it  be  the  contrary  to  the  moft  fimple  notions  of  con^Nqrative  analomy. 
This  jaw,  according  to  Cuvier,  has  belonged  to  an  ammal  lefemblingi  though  fpecifically 
different  from,  the  mammouth,  the  animal  of  the  Ohiot  and  that  of  Sinune.  Its  moft  pafticop' 
lar'  charafier  confifts  in  the  curve  which  forms  its  fymphyfis. 

11.  The  animal  of  the  ftag  kind  of  which  the  bones  and  the  antlers  ate  found  in  Ireland^ 
in  England,  at  Maeftricht,  &c.  It  is  fu£Eciently  difieroit  from  all  die  ftagSi  and  even  the 
elk,  to  which  it  has  been  referred,  by  the  enormous  magmtude  of  its  antlersi  the  flattening 
of  their  fuperior  patt,  and  the  brandies  which  fpring  from  their  bale.  Several  figures  of  thefe 
are  given  in  the  Philofophical  Tranfaftions. 

It.  The  genus  of  the  ox  or  beeve  alone  affords  feveralfoflil  fpecies:  the  cramums  of  two 
^ere  found  in  Siberia,  which  have  been  defcribed  by  Pallas,  who  referred  one  of  them  to  the 
ordinary  buffalo  \  but  he  has  fince  attributed  them  to  a  peculiar  fpeciesy  natives  of  Thibet^ 
named  ami.  Citizen  Cuvier  proves,  by  ofteologic  comparifon,  that  thoie  cianiums  have 
not  belonged  to  the  buffalo*  The  other  appeared  to  Pallas  to  have  belonged  to  the  buffido 
of  the  Cape,  or  the  muflc  ox  of  Canada*  Citizen  Cuvier  (hews  that  they  cannot  have  be» 
longed  to  the  former,  but  not  being  in  pofleilion  of  the  cranium  of  the  ami,  nor  the  mulk 
ox,  he  makes  no  decifion  refpe£Hng  their  identity  with  the  foffile  craniums. 

The  author  likewife  defcribes  two  kinds  of  craniums  which  have  been  found  in  die  tarf 
pits  of  the  department  of  La  Sonmie,  which  greatly  refemble  our  common  oXj  and  that  of 
L'Aurouchs,  but  are  more  than  one  fourth  longer.  1 

From  this  enquiry,  the  Citizen  Cuvier  concludes,  i.That  it  is  not  true  to  aCSrm  that  the  ani- 
mals of  the  fouth  have  formerly  lived  in  the  north,  their  fpecies  not  being  perfe£ily  identicaL 
2.  That  in  every  country  there  have  lived  animals  which  do  not  at  prefent  exift^  eidier  011 
the  fame  fpot,  or  elfewhere  in  any  known  country.  Hence  he  leaves  to  geologiftsy  the  taffc 
of  making,  in  their  fyftcms,  fuch  changes  or  additions  as  they  may  think  beft  fuited  to  ex- 
plain the  fa£l8  which  he  has  thus  eftabliflied. 
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H  E  author  of  this  memoir  oUienrcs»  in  the  firft  place»  t{iat  he  confiderB  his  work  as  a 
fnpplement  to  diat  of  Pclleder»  on  the  difierent  degrees  of  oxygenation  wluch  tin  can  acqture» 
when  diflblred  in  acids. 

When  tin  is  diflbhred  widiout  heat,  in  very  weak  nitric  acid,  it  acquires  a  degree  of  oxygens* 
doui  difierent  from  that  which  it  would  obtain  if  diflUred  in  a  concentrated  acid,  or  if  heat 
had  been  employed.  In  tiie  firft  cafe,  the  nitric  add  is  not  decompofed,  and  afibrds  but  little 
oxygen;  but  this  b  not  the  cafe  with  the  water,  which  in  fid,  afibrds  the  quantity  neceflary 
for  its  oxygenation. 

This  folution,  which  is  of  a  yellow  colour,  gradually  precipitates,  more  efpecially  if  it  be  heat^ 
ed,  and  the  reparation  of  the  tin  is  made  witiibut  re-a£Hon,  for  tiiere  is  no  difengagement  of 
nitrous  gas  \  and  if  it  be  faturated  witii  cauftic  pot-a(h,  tiiere  is  a  difengagement  of  ammoniac, 
as  was  already  obfenred  by  Bayen  and  by  Pelletier.  The  oxyde  of  tin,  as  well  that  portioB 
which  remains  fufpended  in  the  fluid,  as  that  winch  is  precipitated,  and  re-diflblTcd  hi  muriatic 
acid,  equally  decompole  the  fuperoxygenated  muriate  of  mercury,  and  the  mercurial  oxydes^ 
&c.  being  Tcry  difierent,  m  diisrelpe£l,Irom  the  oxyde  of  tin,  wluch  is  precipitated  from  the 
folution,  in  concentrated  nitric  acid,  or  the  Iblution  which  has  been  made  with  heat*  In  this, 
tiie  nitric  ackl  is  decompofed,  and  the  precipitate  is  infoluble  in  the  muriatic  acid,  and  no 
longer  a^ls  upon  corrofiYC  fubCmate,  or  tiie  oxydes  of  mercury.  This  £fl%rence  ariles  from  the 
circuniftaneesiLthat  in  the  firft  cafe,  the  oxyde  of  tin,  whetiier  it  remsun  in  the  liquor,  or  fiJl 
down,  is  oxyded  to  die  SMiumum,  as  Frouft  affirms,  and  in  the  fecond  cafe,  to  the  maximum* 
Hence  it  is,  that  in  iSbt  firft  cafe,  Aece  is  no  difengagement  of  daftic  fluid,  whereas  in  the 
fecpnd^  the  difengagement  is  confidtrable. 

When  an  add  of  the  ftrength  of  25  or  30  degrees  is  ufed  (fp.  gr.  1,23),  the  folution  is  (% 
violent,  that  there  does  not  remain  an  atom  of  tin  in  the  fluid,  but  tiie  precipitate  is  oxyded  to 
40  parts  of  oxygen;  but  when  die  very  weak  nitric  acid  is  ufed,  or  the  folution  is  made  with- 
out heat,  the  metal  is  oxyded  only  to  30. 

It  is  afcertsuned  by  hepatic  water,  that  all  the  tin  is  feparated  from  the  acid;  for  this  re-agent, 
will  totally  precipitate  tin,  copper,  or  lead,  if  the  fluid  contain  any.  Prouft  has  obfenred,  that 
this  re-agent  may  prove  eminendy  ufeful.  For  example,  fiippofe  a  folution  to  contain  lead, 
copper,  zinc  and  iron,  die  hepatic  liquor  will  feparate  them  aH  in  fucceflion;  firft  the  copper, 
then  the  lead,  next  the  zinc,  and  Taft  of  all  the  iron,  widi  this  remarkable  event,  that  die  iron 
vriiicb  was  oxyded  to  the  maximum  in  the  folution,  is  thrown  down  at  the  minimum,  and  is 
predpitated  green,  by  ammoniac  and  by  lime.  This  happens,  becaufe  the  hepatic  water  feizes 
a  portion  of  die  oxygen  from  the  oxyde,  and  becomes  decompofed,  leaving  the  iron  at  the  left 
degree  of  oxygenation. 

It  is  known,  that  very  fetid  hydrogen  is  extricated,  during  the  folution  of  tin  in  the  miiri- 

•  Annsks  de  Chimie,  XXVIII.  2t|. 
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atic  acid,  j^alticularly  when  the  tm  contains  arienic,  which  may  be  very  well  afcertained,  by 
burning  the  gas  under  a  glafs  TefTel,  when  die  arfenic  is  depofited  on  the  fides.  Prouft  alfo 
dbfer?e%  that  diis  gas  itf  verf.lnHtfHl  to  die  brigfatDiefs  of  the  purple  of  powder  of  caiBiis. 
He  therefore  very  properly  advifes,  that  the  ibludon  ihould  be  heated  before  it  is  ufed :  an 
pbfi^nfadonof  the  greateftii^pqrtance  for  porcelain  and  enaniel  painters*.  .  .  7^  *  ^ 

If  a  few  drpps  of  the  muriate  of  tiny  be  added  to  the  muriatic  acid  of  commerce,  ^e 
yellow  colour  of  the  latter  inft^ndy  difappears.  The  tin  deprives  the  iron  of  the  ezcefs  of 
ozygeuj  which  rendered  it  red,  and  ammoniac  then  precipitates  it  of  a'green  qolour.  Tlie  i^me 
ihing  happens  lArith  the  foludons  of  the  fulphates,  nitrates,  and  red  muriates  of  iroh« 

But,  if  a  ibronget  doie  of  muriate  of  dn  be  poured  iiito  the  muriadc  acid  oficommerce,  ^ 
iprey  powder  falls  dowH,  which  Proud  has  afcertained  to  be  mercury « 

When  a  foludbil  of  the  muriate  of  tin  is  diftilled,  the  whole  of  the  liquid  comes  ovtr,  witii 
a  pordon  of  the  muriate.  Towards  the  end,  the  matter  fwells  up,  and  afterwards  fetdes  in  the 
ftate  of  calm  fufion,  of  a  gteen  colour)  ahd  if  Jtbe  fiie  bc^raifcd,  pu&  of  fuming  vappur  are 
driven  off,  but  nothing  comes  over  in  the  fluid  form.  If  ti^e  muriate  jof  dn.  contains  a  fianall 
pcMtion  of  fulphunc  acid,  that  acid  is  decompofed,  and  the  fuiphur  pardy  .uxutes  with  the  tin, 
forming  a  fulphuret,  in  which  the  tin  is  ozyded  to  the  minin|um.  This  muriate  requires  a 
ftronger  heat  for  its  diftillatioii,  than  the  fmoking  muriate  in  the  (tfdinary  proceft. 

But  that  fubftance  which  rifes,  and  is  condenfed  in  the  neck  of  the  retorts,  proves,,  after 
wafhing,  andXeparating  the  fuming  muriate,  to  be  nothing  but  dn  half  ozyded,  to  which  acid 
only  need  be  added,  in  order  to  diflblve  it  again.  This  ^ftilled  muriate  tS^&vaX^y  decompofes 
the  fublimate  of  mercury,  and  all  the  mercurial  preparadons,  or  oxydes;  whik  the  fuming 
muriate,  being  ozyded  to  the  mazimuxti,  decompofes  nothing. 

The  muriate  of  dn  afibrds,  with  alcalis,  a  predpitate,  wliich  cauftic  pot^a{h  abundandy  dif<* 
folves.  This  foludon  referved,  in  a  clofe  veflel,  at  the  end  of  12  or  15  days,  affords  a  metallic 
.group,  in  the  form  of  cauliflowers,  which  confifts  of  tin,  nearly  pure.  In  this  procefs,  one 
part  of  the  dn,  ozyded  to  the  mininum,  robs  the  other,  and  becomes  faturated^  and  this  mu- 
.riate  of  tin,  fo  faturated,  is  no  longer  capable  of  altering  corrofive  fublimate. 

The  fanle  thing  happens,  if  a  mixture  of  the  carbonate  of  copper,  and  the  oxyde  of  dn,  fe- 
parated  from  the  muriate  by  pot-afh,  be  kept  under  water.  The  oxyde  of  dn  robs  all  the 
copper  of  its  oxygen,  and  the  pordon  of  carbonic  acid;  whence  the  copper  is  found  reduced, 
in  cryftalized  plates,  among  the  oxyde  of  dn. 

Laftly,  die  muriate  of  tin  difozygenates  indigo,  and  changes  it  to  green.  This  experiment 
IS  analogous  to  other  difozygenations  of  the  fame  fecula,  known  to  dyers.  •  Prouft  mentions 
this  circumftance  as  an  objed  defenring  of  great  attendon,  upon  which  he  means  to  make 
further  refeatches^ 

The  fulphates,  nitrates,  muriates,  acetates,  and  carbonates,  of  copper,  and  alfo,  the  red^ 
blue,  or  green  oxydes,  mixed  with  the  muriate  of  tin,  are  generally  converted  into  a  white 
bxyde,  which  is  colle£ted  at  the  bottom  of  <hc  ve^el;  and  if  this  muriate  be  pafTed  again  upon 
a  new  oxyde,  it  becomes  itfclf  green,  and  is  faturated  to  fuch  a  degree  as  no  longer  to 
alter  the  colour  of  oxydes.  The  powder,  thus  robbed  by  the  muriate  of  dn,  afiumes  difl^er** 
rnt  fhades  of  colours,  violet,  blue,  black,  &c.  wliich  are  more  particularly  governed  by  the 

degree 
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degree  of  expofure  to  Ught.    It  is  fufible  by  heat,  and  aflumes  the  appearance  of  a  muriate 
of  filvcr,  in  which  ftate  Prouft  propofes  to  keep  it. 

The  fulphuricacid  has  noti&ion  on  this  fubftance,  but  the  nmriatic  acid  immediately  £f- 
fclres  it,  and  it  cryftaliizes  in  tetrahedrons.  The  nitric  acid  alfo  diiTolves  it,  during  ^rfiich 
it  pafles  through  various  (hades  of  colour;  but  at  hft  it  retains  the  appearance  of  a  fohition 
of  nitrate  of  copper,  in  which  the  prcfencc  of  muriatic  acid  may  be  cafily  detefbed.  But  the 
difengagement  of  nitrous  gas  which  ukes  place  durii^  the  folution,  proves  that  it  is  not 

faturated  with  oxygen. 

Prouft,  obferving  diat  this  muriate  was  without  colour,  and  that  it  was  alio  foluble  in  am* 
moniac  without  colouring  it,  diought  at  firft  that  he  might  conclude,  contrary  to  the  prin- 
ciple eftabliflicd  by  Lavoifier,  that  die  copper  was  abfolutely  clear  of  oxygen  $  but  the  ana* 
lyfis  which  he  made  foon  undeceived  him. 

He  diflbhred  100  grams  of  this  white  fufed  mufiate  in  very  pure  nitric  acid,  which  Vc 
afterwards  precipitated  by  the  nitrate  of  filver,  and  obtained  14a  grains  of  muriate  of  filver,- 
wfaich  reprofent  24^  gr^uns  of  marine  acid.  On  the  other  hand,  100  grainsof  very  white 
muriate  of  filver  treated  with*  nitric  acid,  and  carbonate  of  pot-afli,  afibrded  him  113  grains 
of  carbonate  of  copper,  which,  according  to  experiment,  anfwer  to  62J,  or  63  of  cqiper,  fo 
that  from  his  analyfis  he  found  thefe  produ£ts: — marine  acid  7^\\  oxyde  of  tin  i ;  copper  63  { 
and  the  1 1  j-  deficiency  remain  for  oxygen. 

Whereas  he  was  fatisfied,  that  in  the  green  muriate,  in  the  fulphate,  in  the  nitrate,  and  in 
the  acitite  of  copper,  the  metal  which  b  at  the  maximum  of  oxygenation,  contama  about  26 
of  oxygen  in  the  centenary. 

Laftly,  it  is  proved  that  while  the  copper  is  oxyded  no  farther  than  17  or  18,  its  folutions 
are  white,  and  it  cannot  then  give  colour  either  to  its  muriate,  or  to  ammoniac. 

The  following,  as  Prouft  informs  us,  is  another  proof  of  the  prefence  of  oxygen  in  this 
white  powder.  If  a  fmall  quantity  be  put  into  water  with  iron  filings,  the  copper  foon  fepa- 
rates,  and  the  iron  becomes  oxyded  to  the  minimum,  fo  that  when  diflblved  the  alcalies  pre- 
cipitate it  of  a  green  colour. 

If  it  be  demanded  whence  the  oxygen  comes  in  the  white  folution  of  copper  in  the  muri- 
atic acid,  Prouft  replies,  that  it  is  from  the  water.  The  \$rater  is  decompofed,  as  Berthollet 
had  before  ihewn.  The  oxygen  combines,  and  oxydes  the  copper.  Prouft  even  relates  an 
experiment  in  which  the  hydrogene  of  the  water  was  rendered  perceptible  to  the  fmell,  by 
the  afliftance  of  a  fmall  quantity  of  fulphur  which  was  formed,  and  was  difiblved  and  volati- 
lized with  the  hydrogene.  This  experiment  confifts  in  boiling  the  blue  fulphate  of  copper 
in  muriatic  acid.  A  folution  is  obtained,  which  is  precipitated  by  water,  during  which  the 
hydrogene  becomes  perceptible  to  the  fmell. 

When  a  green  muriate  is  diftilled,  it  may  cafily  be  brought  to  tlie  point  of  cryftalllzation ; 
but  if  the  diftillation  be  carried  further,  it  is  decompofed,  and  lofes  the  portion  of  oxygen, 
which  makes  the  difierence  between  the  oxyde  containing  25  parts,  and  that  containing  only 
1 8  \  but  die  diftillation  then  afford^  oxygenated  muriatic  gas.  At  length  this  gas  ceafes, 
and  there  remains  at  the  bottom  of  the  retort  a  grey,  well-fufed  mafs,  which  is  the  white 
muriate  of  copper.    This  is  an  eafy  method  of  procuring  the  white  muriate.    Prouft  adds, 
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that  the  copper  in  the  green  iand  of  PerU|  and  in  the  native  murbite  of  Chili,  are  in  this 
ftate. 

It  i$  pf  importance  to  remarki  that  the  chemift  might  be  induced  to  believe,  that  when 
a  metallic  iubftance  is  difoxygenated  in  any  manner  whatever,  whether  by  tlie  application^ 
of  ftrong  heat,  or  by  the  affinities  of  other  metals  for  oxygen  *,  or,  in  the  manner  of  Prouft, 
by  hc|iatic  gas,  as  happens  in  the  difoxygenationof  the  tunftic  and  molybdic  acids;  the 
cbcfnift  nvght  think,  that  thcfe  fubftances,  at  their  tranfition  to  the  violet  blue,  or  black 
colour,  were  reduced  to  the  metallic  ftate :  but  the  effed  is,  as  he  remarks,  merely  an  incom** 
piete  fmbt^ygenatnpn.  The  metal  is-merely  depj^ed  to  the  minimum^  as  happens  with  iron 
and  popper,  ^hen  by  vaxious  means  they  are  brought  from  their  entire  ftate  of  oxygenation^ 
to  that  in  which  the  colour  becomes  Uuc  black,  or  red,  more  or  leis  deep.  There  are  no 
metals  but  mercury,  gold,  and  arfenic,  in  which  a  complete  difoxygenation  is  obijerved. 
'  But  to  return  to  tin:  Prouft  has  founds  with  Sergman»  that  tin  oxyded  to  the  minimum 
s^ugped  no  more  tkua  an  addition  of  30  parts  in  the  hundred,  and  even  in  this  ftate  is  not 
Oi^iWpt.frQm marine  acid*  If.it  be  ignited  in  a  crucible  it  lofes  weight,  an^  emits  the 
ipipottrs  of  muriaite  of  tin ;  and  when  the  tin  is  oxyded  to  the  maximum  it  is  charged  with  40 
pet  cent.  9ut  it  is  eafy  to  reduce  it  30,  in  which  ftate  it  is  blueiih,  and  infoluble  in  ^ds* 
'^he  stt)thor  here  terminates  his  memoir,  by  remarking,  that  although  Pelletier  has  not  men^ 
tioned  the  white. muriate  of  copper,  he  is  not  lefs  perfuaded  that  it  was  known  to  that 
ohemift  i  and  this  more  partit;ularly,  because  he  has  fpoken  flightly  pf  die  difoxydation  of  that 
metal  by  tin,  as  if  he  meant  to  fpeak  more  fully  on  another  occafion*  But  while  he  renders 
this  juftice  to  Pelletier,  he  aiTirms  with  the  open  freedom  of  truth,  that  though  his  refults 
(;oincide  with  thofc  of  that  chemift,  they  were  not  undertaken  fubfequeUt  to  his  experiments. 

There  are  a  great  number  of  otli^r  fa^s  and  obfervations  in  the  Memoir  of  Prouft  which 
deferve  to  be  related}  but  the  abundance  and  dcnflty  of  thefe  fa£ls  are  fuch,  that  the 
attempt  tq  communicate  them  would  convert  this  abridgement  into  a  memoir  \io  lefs  ample 
than  the  original. 
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Obfervations  on  the  Diffitrences  nvhich  exi/l  between  the  Acetous  and  Acetic  Acids.     By  J.  A, 

Chaptal.  * 


T, 


H  E  acid  of  four  wine  prefcnts  to  our  obfervation  two  very  diftinQ  ftates,  which  are 
known  by  the  names  of  the  acetous  and  the  acetic  acids. 

Chemifts  haye  hitherto  referred-this  difference  to  the  varying  proportion  between  thfe 
oxygen  and  the  radical,  and  it  has  generally  been  believed,  that  thi  acetic  acid  differs  from 
the  acetous  fimply  in  a  ftronger  dofe  of  the  acidifying  ptinciplef . 

Citizen  Adet  has  refumcd  this  intercfting  refearch,  and  has  prefented  to  the  foeiety  a  courfe 
of  experiments,  from  which  he  concludes  : 

•  Annales  de  Chimic,  XXVIII.  113. 
f  Wc  may  except  Citizen  Pcrcs,  who»  in  the  Journal  dcs  Pharmaciens,  has  saneuncedi  that  the  difference 
between  the  acetous  and  acetic  acids  confilh  in  the  proportion  of  carbone.'— C. 

X.  That 
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y .  That  m>  fuch  thing  as  the  ae^touis  aeid  esriftth 

2.  That  the  acid  of  vinegar  i^  alwiys  at  the  higheft  poffible  degree  of  oxygenation i  and^. 
xon&quently,  .ia  always  acetic, 

3*  That  the  dEifiereace  between  the  acid  obtained  by  the  diftilladon  of  vinegir,  atid  that 
afforded  by  the  like  procefs  from  the  acetate  of  copper,  depends  on  the  lefs  quantity  of  water   . 
contained  in  th^  lattjbr. 

I  muft  confefs,  that  isotwithftanding  the  high  degree  of  confidence  I  place  in  the  labours  df 

Citizen  Adet,  it  has  been  impoflible  for  me  to  adopt  his  conclufions  id  this  lefpeft  ;  and  ats  I 

was  very  far  from  calling  his  experiments  in  qMeftbn^  I  have  thought  it  proper  to  analjrfe, 

'compare,  and  difcufs,  his  refults,  much  lefs  wim  the  view  of  afcerfadning  their  .accuracy, 

than  to  determine  whether  they  juftify  the  confequences  deduced  from  them  by  their  adtSior. 

i  conclude,  therefore,  immediately  with  Citizen  Adet,  that  it  appears  to  bd  demooftrited 
by  his  experiments,  that  the  oxygen  exifts  pearly  in  equal  proportioiis  iii  thfe  dtftilied  adetous 
acid  and  the  acetic  acid ;  that  it  is  equally  difficult,  and  even  impoffible,  to  oxygenate  the 
acetous  acid,  and  to  difoyxgenate  the  acetic ;  and  that  moft  of  the  fait  ieparately  formed  bfy  tiiefe 
two  acids  are  of  the  fame  nature.  Thefe  confequences,  no  lefs  new  than  intereftitig,  bel6ng 
to  Citizen  Adct,  and  naturally  flow  from  his  experiments. 

But  to  conclude,  from  the  fame  fa£ls,  that  the  acetous  and  the  acetic  acids  are  exa^^ly  the 
fame,  and  differ  only  in  their  proportions  of  water,  is  more  than  the  experiments  wiU  juftify"; 
and  while  we  muft  agree  with  Citizen  Adet  as  to  the  truth  of  his  firft  confequences,  it  &ay 
alfo  be  (hewn,  that  there  is  a  very  great  dificrence  between  the  acetoiis  diftilled  acid,  and  the 
acetic.    I  fhall  endeavour  to  afcertain  the  caufe  of  this  diiF^rence. 

The  two  acids  in  queftion  difier,  no  doubt,  iiif  fmell,  in  tafte,  and  folvent  power ;  but  as 
the  caufe  of  thefe  differences  might  be  referred  to  their  re^£live  degrees  of  concentration, 
I  have  thought  it  proper  to  bring  both  to  the  (ame  fpeciuc  gravity,  by  dlliking  the  acetic  acid 
with  a  fufficient  quantity  of  diililled  water ;  and  it  was  with  thefe  two  acids,  at  the  fame 
degree,  that  I  made  the  following  obfervations  and  experiments : 

1.  The  fmell  and  tafle  (hew  the  difference  between  thefe  two  acids.  The  tSk&s^  in  this 
refped,  are  more  evident,  and  the  fenfation  is  much  more  penetrating  on  the  part  of  the 
acetic  than  the  acetous  acid. 

2.  The  a£tion  of  die  acetic  acid  on  the  lips,  and  upon  the  metallic  oxydeSy  is  more  fpcedy 
and  energetic  than  that  of  the  acetous  acid.  Thefe  two  acids,  fet  xh  digeft  in  equal  portions 
upon  the  oxyde  of  copper,  precipitated  from  the  fulphate  by  pot-afh,"  w^flicd,  and  thefn 
diftilled,  prefented  very  different  refults.  The  acetic  add  diffolved  the  dxyde,  and  formed 
beautiful  cryftals  by  cooling  •,  but  the  acetous  #as  (imply  coloured  of  a  bluei(h  green,  and 
let  fall  nothing  but  a  green  faHne  crufty  on  the  borders  of  the  fluid. 

Neither  of  thefe  acids  perceptibly  attacked  copper.  They  nisxt\f  acquired^  bf  long 
digeftion,  a  light  green  (hade  of" colour. 

Eleven  parts  of  the  acetic  acid  required  for  their  fatutation  6)98  of  pure  pol-^ft";  tie 
fame  quantity  of  acetous  acid  required  only  5,73. 

There,  confequently,  exifts  a  difference  between'  thfefe  oXyd^s.  The  folloWliig  seiKpeHiftents 
^Hi.  (hew  in  ^hat  this  diffcrenoc  coniift%  an4  tender  u«i  ac<|uaif^ted>  ^lindb  ks"  t^^\     -  ^  \   - 

3X2  1.  If 
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L  If  fulphuric  acid  be  poured  on  the  coacentnted  acetic  acid,  and  then  diftilledf  the  firft 
ifonfequence  is  the  prodoAion  of  confiderable  heat,  the  colour  of  the  mixture  becomes  red^ 
and  increafes  in  intenfity,  until  at  length  it  becomes  black.  A  great  quantity  of  carbone  is 
precipitated  by  the  continued  a£Uon  of  the  hdU,  at  the  fame  time  that  much  fulphureous  gas 
is  difengaged. 

II.  I  put  feparately  into  two  glafs  retorts  equal  parts  of  the  acetic  and  acetous  acids,  at  the 
fame  de^ee  of  concentration;  I  poured  upon  each  one-fourth  of  its  weight  of  fulphuric  acid. 
This  mixture  produced  a  very  ftrong  heat. 

The  colour  of  the  mixture  of  fulphuric  acid  with  the  acetic  acid  at  firft  appeared  of  a  pale 
yellow,  while  that  of  the  acetous  acid  did  not  change  colour. 

^  The  mixture  of  acetous  acid  arrived  at  the  point  of  ebullition  (boner  than  the  odien 
It  became  yellow  after  the  evaporation  of  one«third  of  the  fluid,  and  its  colour  grew  deeper 
ttid  deeper,  until  it  had  acquired  the  tinge  of  highly-coloured  wine. 

The  mixture  of  the  acetic  acid  was  not  coloured  in  the  fiune  proportion,  and  it  never  ac- 
quired a  deeper  tinge  than  that  of  ftraw-cobured  white  wine. 

The  diflillation  being  long  kept  up,  and  urged  by  a  (brong  fire,  caufed  copbus  white  vapours 
of  fulphureous  acid  to  pafs  over  \  and  towards  the  end  the  two  refidues  became  colourlefs, 
aipd  contained  nothing  but  the  concentrated  fulphuric  add. 

The  two  firft  third  parts  of  the  produdl  of  the  diftillation  had  nearly  the  fame  finell  and 
tafte,  and  the  acetous  acid  appeared  to  me  to  have  been  brought  to  the  ftate  of  acetic  acid  by 
its  decarbonization  in  the  retort. 

III.  I  faturated,  with  pure  pot-aih,  loo  pots  of  each  of  thefe  two  acids,  and  put  the  folu- 
tion  to  evaporate,  and  obtained,  from  both,  white  foliated  deliquefcent  falts*  I  put  equal 
parts  of  each  of  thefe  falts  into  two  retorts,  and  cxpofed  them  to  an  equal  heat,  which  was 
gradually  increafed  till  it  became  violent.  There  pafled  at  firft  into  the  receiver  of  the  ap«> 
paratus  in  which  the  acetate  was  placed,  two  or  three  drops  of  ofienfive  finelling  acrid 
water,  which  indicated  no  acidity  to  the  tafte.  The  diftillation  of  the  acetite  produced 
nothing  but  certain  vapours,  which  emitted  a  fimilar  odour. 

The  fak  was  firft  liquified,  and  then  became  black,  in  both  the  retorts.  In  proportion  as  I 
increafed  the  heat,  the  retorts  and  receivers  became  lined  with  a  white  fume,  which  after- 
wards difappeared. 

In  both  retorts  were  left  black  refidues,  upon  which  I  poured  boiling  diftillcd  water.  I 
wafhed  them  feveral  times,  in  order  to  deprive  them  of  all  foluble  matter. 

Thefe  refidues  being  dried,  prefented  all  the  charaders  of  carbone.  Their  weight  con:>- 
pared  with  that  in  fait  made  ufe  of,  afforded  the  following  refults : 

The  acetate  afforded  one-feventeenth  part  of  its  weight  in  carbbne. 

The  acetite  afibrded  one-thirteenth  part. 

There  is,  confequently,  a  difference  between  the  acetous  and  the  acetic  acids  ^  and  this 
difference  arifes  from  the  greater  proportion  of  carbone  in  the  acetous  beyond  that  in  the 
acetic  acid. 

It  appears  to  me,  that  the  phenomena  prefented  by  the  diftillation  of  the  acetite  of  copper, 
€ught  to  lead  us  to  the  lame  confequcnce.    In  £a£i^the  acetite  of  copper  is  merely  a  fblution 
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of  the  oxyde  of  copper  in  the  acetous  acid,  and  when  this  lalt  is  diftilledi  the  acetous  acid  is 
decarbonated.  Part  of  the  carbone  combines  ^th  the  o^cygen  of  the  oxyde  of  copper,  and 
efcapes  in  the  form  of  carbonic  acid }  while  the  other  part  remains  in  its  folid  form  in  the 
Tetort  along  with  the  oxyde  itfelf.  The  acetous  acid,  thus  deprived  of  a  portion  of  its  car- 
bone,  paffes  into  the  receiver  with  charadiers  which  no  longer  appertain  to  the  acetous  acid, 
and  the  oxyde  of  copper  is  nearly  reduced  to  the  metsdlic  date. 

The  acetous  does  not  therefore  become  acetic  acid,  but  by  a  fubtra^Hon  of  caixbone.    It 
appears  that  the  metallic  oxydes  alone,  and  fome  of  the  acids,  are  capable  of  eiie£fing  this 

decompofition. 

The  acid  appears,  tlierefore,  to  exift  in  the  ftate  of  acetous  acid  in  the  fah  of  copper,  im- 
properly caOed  acetite.  It  does  not  become  acetic  acid  but  by  diftillation,  becaufe  it  is  by 
this  procefs  only  diat  it  lofes  a  portion  of  its  carbone. 

Independent  of  the  proofs  we  have  exhibited  in  fupport  of  this  truth,  we  may  adduce  the 
two  following  fa£bs : 

I.  When  verdigreafe  is  manufactured  with  the  diftilled  acetous  acid  of  copper,  a  pure  fak 
is  obtained,  which  affords  by  diftillation  the  fame  produds  as  the  cryftals  of  Venus,  or  the 
acetate  of  copper.  I  have  mentioned  this  fad  in  a  memoir  concerning  the  compound  pro- 
cefles  of  the  fabrication  of  verdigreafe.  2.  Every  one  knows  that  vinegar  is  fo  much  the 
ftronger,  and  more  completely  approaches  in  its  fmell  to  the  acetic  acid,  in  proportion  as  it 
is  more  completely  deprived  of  thecxtra£tive  matter  with  which  it  was  combined.  We  may, 
in  this  cafe,  confider  the  acid  of  vinegar  as  originally  exifting  in  a  ftate  nearly  faporaceo^s, 
which  diminiflies  its  adlion,  and  weakens  its  properties.     It  is  difengaged  from  this  addition, 

1.  by  fimple  repofe,  which  fufiers  part  of  the  extrafiive  matter  to  precipitate,  or  fall  down  ; 

2.  by  the  fulphuric  acid,  which  decompofes  and  more  completely  carbonizes  the  extra£live 
matter  9  3*  by  the  oxyde  of  copper,  which  retains  a  portion  of  the  fame  principle  with  which 
it  appears  to  form  a  pyrophoric  combination. 

I  was  defirous  of  afcertaining  whether  the  acetic  acid  could  be  brought  back  to  the  ftate 
of  acetous  acid,  by  caufing  it  to  refume,  in  the  courfe  of  diftillation  upon  carbone,  that  por- 
tion which  it  had  loft :  but  all  the  methods  I  made  ufe  of*  to  fucceed  in  this  refpeft  were 
ineffe£hial. 

From  the  preceding  fafts  I  conclude  :  i.  That  there  is  a  difference  between  the  acetous 
and  the  acetic  acids.  2.  That  this  difference  arifes  from  a  fmaller  proportion  of  carbone  in 
the  acetic  acids,  than  in  the  acetous.  3.  That  the  acidis  in  the  acetous  ftate  in  metallic 
falts.  4.  That  it  does  not  pafs  to  the  acetic  ftate  but  by  decarbonization.  5.  That  the  dif- 
ference between  this  acid  and  fome  others,  equally  fufceptible  of  modifications  by  a  change 
in  the  preparation  of  their*conftituent  parts,  is,  that  in  this  the  oxygen  does  not  appear  fuf- 
ceptible of  addition,  or  fubtradion ;  but  its  carbone  alone  imdergoes  which  variation,  and 
determines  all  its  changes ;  whereas  in  the  other  acids  the  oxygen  is  the  principle  which  is 
more  particularly  fubjcA  to  variation,  and  occaiions  the  changes  obfervable  in  their  properties.. 
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Lantern  Pinions  of  Glnfsfir  Mill'^ifori. 
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>inZ£N  MOLARP  has  commuQicated  to  the  French  Inl^itute^  an  account  of  the  ad* 
vantages..!^  making  the  tnuidles  in  lantern  pinipns  of  giais,  to  work  againft  the  hard  wooden 
teeth  of  wheels  in  mill-work.    The  trundles  are  fet  in  the  fame  .i9ann^T  as  thoie  of  irox^ 

* 

qtHj  tadung  the  neceflary  care  which  the  nature  of  the  material  mud  require.  A  pinion  of 
thia  kind«  in  which,  the  trundles  were  two  inches  in  diameter,  did  sot  undergo  the  kaft  wear» 
or  alteration  of  the  furface  of  the  glals^  in  i8  months'  ufe ;  and  the  wooden,  teeth  had  loft 
about  one>twelfth  part  of  ai^  inch*  Iron  tnmdles  w^ar  out  the  teeth  ia  ahput  fpur  months, 
and  load  the  work  with  much  nptore.ftiftton.  The  kinds  of  glajb  which  were  tried,  were 
green  window-glafs,  white  (heet-glafs,  and  the  white  glals.  for  goUets  (goiktrk).  This  laft 
was  the  hardeft  and  beft»  The  imrentori  Cit.  iUnaut,  of  the  department  of  La  Meurthe, 
thinks  bottle-glafs  might  be  of  good  fervice.  He  does  not  blow  the  trundles,  but  snakes 
them  foUd.  It  is  probaMe,  ^lat  with  us  the  glais  of  wine  bottles  might  be  the  cheapeft,  and 
moft  valuable  for  its  hardnels  and  tenacity,  if  it  can  be  eafily  wrought  to  the  figure  by  the 
workmen  who  are  employed  uppQ  it. — Duade  Pbi/of,  l^g.  5^  JTear  VU. 


In/littiU  of  the  Ligurian  Republic* 

TELE  lately  cftabUfhed  Jpftitute  of  the  Ligurian  Republic  is  compofed  of  72  members,  of 
which  36  are  retidcnt,  and  36  aflbciatesj  inhabi^tants  of  the  republic,  divided  into  two  claiTes^ 
and  each  of  thefe  into  three  fe&ions. 

The  iirft  is  the  clafs  of  mathematical  and  phyfical  fciences,  of  which  the  three  fe£lions  are : 
I.  Agriculture,  commerce,  and  manufaAures.  a.  Nautical  fcience,  mathematics,  natural 
philofophy,  and  natural  hiftory.     3.  Chcmiftry,  botany,  anatomy,  medicine^  and  furgcry. 

The  fecond  dafs  includes  (moral)  philofophy,  literature,  and  the  fine  arts  \  oi  which  the 
fe^ions  are  :  i.  The  art  of  reafoning,  and  analyGs  of  the  operations  of  the  underftanding^ 
grammar,  eloquence,  and  poetry,     a.  Politics,  hiftory,  and  antiquities.     3.  Arts  of  defign. 

On  the  14th  Bnmiaire  (Nov.  4)  the  Executive  Direftory  of  the  Republic  repaired  to  the 
Hall  of  Seffion  of  the  Inftitute,  and  the  eftabliihmcnt  was  opened  by  the  formality  of  pro- 
claiming the  members,  &c.  after  which  the  Inftitute  proceeded  to  choofe  their  prefident  and 
fecretaries,  and  to  organize  their  future  labours. 

InfiiMe  of  Cairo.  * 

THE  learned  men  who  accompanied  Buonaparte  in  his  expedition  have  formed  a  national 
Inftitute  at  Cairo,  compofed  of  four  claffes,  each  confifting  of  twelve  members.  They  hold 
their  meetings  on  the  firft  and  fixth  day  of  each  decade.^ 

The  names  of  the  members  of  each  clafs  are  as  under :  • 

C/a/s  L  Mathematics,  Andreofly,  Buonaparte,  Coftaz,  Fourier,  Gerard,  Lepere,  Leroi, 
Malus,  Monge,  Nouette,  Quefnot,  Say. 

*  From  the  Magazin  Ency doped ique,  IV.  352.  Nivofc  VII. 
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Clafi  IL  Natural  Philofaphy.  Beaudmnp,  BerthoUet,  ChaiUpi,  Contej  Dellfla»  Defcotils, 
Defgeneues,  Doloxnieu,  DubaU,  Geoffroy,  Savigny.     (There  is  one  place  Yacant.) 

Clafs  III.  Political  Economy.  Caffarelli-Dufalga,  Gloutier«  Pouffielgue,  Sulkowftyi  Sucf , 
Tallien.     (Sir  places  vacant.) 

Cdafs  IV.  Literatun  and  the  Arts.  Denon,  Dutertre,  Ncry,  Parccval,  Redoute,  Riegel^ 
Venturi,  Raphael,  a  Greek  prieft.     (Four  places  Tacant.) 

On  the  6th  Fraftidor,  in  the  year  VI.  (Aug.  23,  179S),  at  feven  in  Ae  morning,  the  Inftii- 
tute  of  Egypt  held  its  firft  fitting,  at  which  Buonaparte  prefided.  The  officers  were  eie£led : 
Monge,  prefident ;  Buonaparte,  vicc-prefident ;  and  Fourier,  perpetual  fecretary  5  in  whofc 
place,  on  account  of  his  abfencc  at  Rofetta,  Coftaz  was  provifionally  appointed. 

In  this  firft  fitting  Buonaparte  made  the  following  propofitions : 

1.  What  an  the  befi  methods  of  improving  the  conflru^Hon  of  ovens  to  bake  bread  for  the  army  f 
The  commiflaries  named  to  examine  this  queftioa  were,  BerthoUet,  Cafiarelli,  Say,  and 
Monge. 

2.  What  pr6du^  can  befubfHtuted  inftead  of  bops  in  making  heer  ?.  ComQiiflarie»,  BerthoUet^ 
MalUs,  Coftaz,  Gloutier,  and  Defgenettes. 

3.  How  may  the  waters  of  the  Nile  be  clarified,  and  rendered  pure  ?  Commiflaries,  Monge, 
Berthollet,  Coftaz,  and  Venturi. 

.   ^.  Are  wind,  or  water  mills,  to  be  preferred  ?    (intheprefentcircumfiances).     Commiffaries, 
Caffiirelli,  Malus,  Say,  and  Coftaz. 

5.  What  are  the  refourcesfor  procuring  gunpowder  ?  Conuniflaries,  Andreofly,  Malus^  and 
Venturi. 

6.  What  is  thejlate  of  legijlaticn  in  Egypt,  and  how  can  it  be  meliorated  ?  Commiflaries,  Say, 
Sulkowlky,  TalHen,  and  Coftaz. 

7.  A  prpjeB  of  regulation  (of  the  Infitute  ?)  Commiflaries,  Monge,  Caffarelli,  Tallien, 
Geoffrey,  Coftaz. 

(To  be  continued). 


Cafes  of  the  Diabetes  Mellitus,  with  the  Refults  of  the  Trials  of  certain  Acids,  and  other 
Subftances,  in  the  Cure  of  the  Lues  Venerea.  By  John  Rollo,  Surgeon- General,  Royal 
Artillery.     Second  Edition,  with  large  Additions. 

THE  fecond  edition  of  this  treatife  was  announced  at  p.  427  of  die  prefent  volume,  but 
time  did  not  then  permit  me  to  give  an  account  of  the  additions  and  fa£ls  now  firft  publiftied. 

The  additional  cafes  and  communications  on  this  diabetes,  appear  to  eftablifti  the  author's 
opinion  refpeding  the  efficacy  of  diet  confifting  entirely  of  animal  food,  when  rigoroufly 
perfevered  in.  The  difleiiions  liL^wife  prove,  that  the  fweet  urine  does  not  proceed  from 
any  organic  affe£bion  of  the  kidneys,  but  moft  probably  from  fome  vitiated  ftate  of  the 
ftomach,  and  organs  of  digeftion. 

The  additional  cafes  are,  two  from  Dt^  Gerai^  of  Liverpool;  a  continuadpn  of  Walker's  cafe, 
by  Dr.  De  la  Rive^  four  from  Di^w  Cleghora  of  ^Glafgow,  vriith  a  continuation  of  his  former 
cafes;  fome  remarks  and  caCes  by  Dr.  Storer  of  Nottingham,  with  a  continuation  of  Dr^ 
Aldiich'a  cafe^  on&  from  Dr.  Jameibn,  furgeoo  of  the  Royal  Artillery  i,  one  from  Mr. 
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Slierriff  of  Deptford;  one  from  Mr.  Houften  of  London;  three  from  Dr.  Pcarfon  of  St. 
George's  Hofpital,  with  remarks;  one  fxx)m  Dr.  MaHhall^  with  the  difledion;  one  from  Dr. 
'Willau;  and  one  from  Mr.  Thomas  of  Lcicefter-fquare,  with  the  difledlion. 

Dr.  Rollo  informs  us,  that,  fincc  the  firft  difperiion  of  his  notes  on  Capt,  Meredith's  cafe, 
In  Jan.  1 797,  the  number  of  diabetic  patients,  which  he  has  either  ften  or  heard  of,  amounts 
in  all  to  48 ;  a  circumilance  which  proves,  that  thb  complaint  has  bem  fifl^jneatly  overlooked, 
and  is  hj  no  means  fo  rare  as  has  been  gencrdly  fuppofed.  At  the  end  of  the  firft  pai^  arc 
fomc  experiments  and  obfervations  on  urine  vnd  fugar,  by  Mr.  Cruickfliank.      ^    ' 

In  the  fecond  part,  we  find  a  continuation  of  the  trials  of  the  nitrous  acid,  aSft^^dier  oxy- 
genating remedies,  in  the  lues  venereal  whidi  appear  to  eftablifli  their  e^^iey  in  this 
difcafc,  both  in  its  primary,  and  fecondary  ftages.  The  number  of  cafes  cured  in  this  way, 
fince  March  1797,  amount  to  155;  of  thefi^  jf9^  were  cured  by  the  nitrous  acid;  59  by  the 
oxygenated  muriate  of  pot-afli;  7  by  the  uiLjFjjjciMied  muriatic  acid,  and  muriate  of  man- 
ganefc;  3  by  lemon  juice;  11  by  the  nitrous  and  other  acids,  combined  with  the  oxygenated 
muriate  of  pot-afli^  and  16  by  a  cpmbinadon  of  mereury,  with  the  newxedieikf.  y 

In  a  few  inftances,  where  thefe  medicinethadnotbtaifdbittfdtt'ftr  a^^  of 

time,  relapiiet  occurred,  and  the  fecondary  fymptoms  made  tlieir.^yppearaiieis;  bar  ^  thefe 
wcr;:  afterwnrds  completely  cured,  by  perfevering  ia  dK  fimr  nmiif  ^nfmgnrfni   ^ 

At  the  conclufion  of  this  part  arc  fome' ufefui  and  neceflary  obiervations,  with  re- 
gard to  the  management  of  thefe  remedies,  more  efpccially  the  oxymuriat&of  pot-afli :  but 
for  particulars,  the  reader  mud  refer  to  the  work  itfclf;  of  the  charafter  and  importance  of 
which,  the  public  is  fufficicntly  aware. 

Moyens  d'apprendre  a  compter  furement  et  avec  facilitc,  ouvrage  pofthume  de  Con- 
dorcet ;  or.  Methods  of  learning  Accounts  with  certainty  and  cafe.  One  volume,  8vo. 
132  pages.     Sold  by  Maulardier  at  Paris,  year  vii. 

The  diftinguiihing  cliarafter  of  thefe  elements,  fays  the  editor,  are,  that  they  exhibit  the 
elemf!nts  of  arithmetic  and  logic  at  the  fame  time.  The  author  ufes  the  decimal  fyftem. 
Mag.  Encycl. 

Mr.  Lowry,  engraver,  of  Titchfield-ftreet,  the  artift  alluded  to  at  page  429  of  the  prefent 
volume,  has  (hewn  mc  his  machine  for  ruling,  which  is  very  different  from  mine,  in  all  its 
parts.  As  he  has  no  a£lual  divifion  in  the  part  which  produces  the  (hift,  he  can  regulate  his 
diftances  to  incommenfurate,  as  well  as  commenfurate,  meafures.  The  parallax  of  the  rul* 
ing  point,  againft  which  I  had  made  no  provifion,  is,  by  a  very  fimple  and  happy  contriv- 
ance, taken  away  in  common  ruling,  or  rendered  variable  at  pleafure,  for  the  purpofe  of 
thickening  the  ftroke  in  ihadCng.  This,  together  with  his  great  profeffioual  (kill  and  fcience, 
has  given  Mr.  Lowry's  engravings  the  degriee  of  prccifion  and  e(fe£l  for  l»hich  they  are  fo 
jultly  admired. 

In  July  1786, 1  commiinicated  to  the  ceMmted  Mr.  Troughton,  of  Fleet-fticet,  a  fmall 
apparatus,  for  fccuring  the  point  from  lateral  deviation,  in  £?i£iiq[^niadiaBiktkaiinftnimcnts, 
w^  •'  h  1  (VkI  not  think  neceflary  to  add  to  the  inftrument  in  pilatc  20. — ^Thc  execution  of  that 
p.utr,  m  winch  tlic  point  was  left  to  the  ufual  management  of  the  arrift,  (hews,  however, 
that  fuch  a  contrivance  is  ncceflary,  and  I  fliall  take  an  opportunity  of  dcfcribing  it  hereafter. 


jlir  Pump  by  tfio  Jlei:  Jamej-  Zi///,.-. 
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ARTICLE  I. 

jtfi  Account  ef  Improvements  in  Electrical  Batteries ;  a  Method  of  augmenting  their  Power ,  fvith 
Experiments,  fiewing  the  proportional  Lengths  of  Wirefufedby  different  Quantities  of  EleSlricitj^ 
and  a  Defcription  of  a  new  univerfal  EleElrometer.  By  Mr.  JoHN  CurHBE&TSON  %  No* 
53,  Polcmdflreety  London,  1799. 

JlN  the  year  1774,  Mr.  E.  Nairnc  made  an  Eledlrical  Machine,  far  fupcrior  in  afting  power 
to  any  that  had  been  made  before*^,  and  a  Battery  more  judicioufly  conftniAed  and  larger 
than  any  former  one,  with  which  he  made  a  number  of  interefting  experiments.    One  in  parti- 
cular, afFords  an  accurate  meafure  of  the  power  of  his  battery,  compared  with  fuch  batteries 
ais  have  been  made  (ince  that  time.    I  mean  the  experiment  of  melting  or  difperfing  a  metal- 
lic wire.     His  battery  contained  50  fquare  feet  of  coated  furface;  and  he  found  that  it  was 
capable  of  receiving  a  charge  fo  high,  that  the  difcharge  melted  45  inches  of  iron  wire  of 
t|o  P^^^  of  3"  ^"ch  in  diameter,  which  anfwers  to  about  ^  of  an  inch  in  length  for  each  fquare 
foot,  which  was  the  greateft  length  of  wire  ever  melted.    We  have  no  account  of  this  experi- 
mcnthaWngbeen  afterwards  repeated  on  a  fcale  of  anyconfiderablemagnitudctill  the  yean  785; ' 
when  I  conftrufted  a  battery  for  the  Teylerian  fociety,  atHaerlem,  containing  135  fquare  feet  of 
coated  furface.     With  tliis  .battery  1 80  inches  of  the  fame  fort  of  wire  was  melted,  which  • 
feemed  to  be  much  more  than  in  proportion  to  the  fize  of  the  battery,  as' this  was  about  1,3  * 
inches  for  each  fquare  foot.     This  battery  was  afterwards  increafcd  to  225  fquare  feet  of 
coating,  and  witli  this  300  inches  of  the  fame  fort  of  wire  melted,  which  was  alfo  at  the  rate 
of  1,3  inches  for  each  fquare  foot.     Some  time  after  this,  I  made  another  battery  for  tlic' 
fame  fociety,  containing  550  fquare  feet  of  coating,  compofcd  of  100  jars  of  5!  fquare  feet 


«. 
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each.  The  fame  fort  of  wire  was  not  tried  with' this  \  but  it  could  be  calculated  from  other 
ibrts  of  wire  which  it  mehed,  that  it  was  capable  of  melting  655  inches,  being  alfo  at  the 
rate  of  1,3  inch  for  each  fquare  foot.  This  increafe  of  power,  which  is  almoft  double  that 
of  Mr.  Naime,  might  ^'^ttributed  to  t&e  a£tiqgpowef  of  th9  mad^ne;  for  though  Mr. 
Nairne's  machine  pofleiied  the  ftrongeft  adiing  power  of  any  machine  made  at  that  time,  yet 
it  could  not  be  fuppofed  to  pofiefs  that  high  charging  property  of  the  Haerlem  machine. 

Since  my  return  to  London,  I  have  made  feveral  batteries,  commonly  compofed  of  15  jars, 

ea^h  contaifix^g  |6$  fqufive  .inches  of  coated  far£atee,  confeque^tly  the  whole  battery  containt 

17  fquare  feet  of  coating.     This  battery,  according  to  the  proportion  of  that  made  by  Mr.. 

Naime,  (hould  fufe  6,3  inches,  and  in  proportioa  to  the  Haerlem  batteries,  it  ought  to  (ufe 

22  inches;  but  inftead  of  following  that  proportion,  it  is  found  to  fufe  60  inches,  which  is  an 

aftonifhing  increafe  of  force.    For  the  battery  isojily  about  one-third  part  of  that  of  Mr.  Naime, 

and  fufes  a  much  greater  length  of  wire ;  and  though  it  is  only  y'^  part  of  that  at  Haerlem^ 

yet  it  fufes  A  of  the  length  of  wire.    It  leems  difficult  at  firfl;  fight  to  account  for  this  advan* 

tage.    I  have  before  remarked,  that  the  propoitioi^l  difference  between  the  charge  of  the 

battery  at  Haerlem  and  Mr.  Naime'a,  might  be  accounted  for,  from  the  high  charging  power 

of  the  great  machine ;  but  the  refult  of  the  laft-mentioned  experiments  overturns  that  notion  ^^ 

as  it  can  by  no  means  be  fuppofed,  that  a  fingle  2-feet  plate  machine,  which  I  have  ufed  to 

charge  the  battery  of  17  fquare  feet  fo  high  as  to  fufe  60  inches,  can  have  a  higher  charging 

power  than  that  ^t  Haerlem  \  fo  that  it  mnft  proceed  from  fome  other  caufe.    It  might  be 

quefUoned  whether  all  thebatteries  were  alike  judicioufly  conftrufbcd.  A«  to  Mr.  Naime's,  it 

had  certainly  faults,  both  with  refpeft  to  the  coadng  and  the  mounting  of  the  jars  -,  but  tl^e 

batteries  at  Haerlem  were  as  judicioully  con{lru£led  as  my  preient  on^  which  I  am  fpeakiiig 

of,  and  whicLexceeds  them  in  fuch  an  aftomihing  degree  in  its  proportional  force.    The  only 

difierenoe  betweep  my  prefent  batteries  and  thefe  at  Haerlem  is  in  the  glaiiu  They  were  com* 

pofed  of  glaf$>  blown  in  Bohemia,  and  thofe  which  I  make  here  are  of  white  flint-glafSr    I 

npiention  thb  fa£l,  but  I  am  not  inclined  to  think  that  the  caufe  of  the  difference  depends  on 

the  g^fsy  beeaufe  I  remember  to  have  melted  the  fame  quantity  of  wire  with  one  jar  of  that ' 

kjbd  of  glais  when  in  Ainfterdam,  as  I  do  at  prefent  with  white  flint-glafs  \  fo  that  it  only  . 

remains  now.  to  be  fought  for  in  the  manner  of  ufing  or  chatj^g  each  battery^  and  here  we 

fhall  probably  find  a  means  of  fplving  thb  par^ox. 

With  reipurd  to  the  batteries  at  Haerlem,  they  were  never  attempted  to  be  diai^d  but  in 
dry  weather,  being  fuch  as  was  then  conunonly  called  favourable  iot  &tBficJL  experiments* 
There  was  no  convenience  in  the  room  where  the  machine  and  batteries  wert  liifed,  for  making 
m  fire»  whidi  was  therefore  ill  calculated  for  ele&rical  experiments :  die  batteries  previous  to 
chargiogt  were  nptade  as  clean  and  dry  as  poffiblej  and  if  they  received  a  diarge'fo  high  as  to 
caufe  a  Spontaneous  explofion,  they  were  then  looked  upon  to  be  in  their  moft  favourable  ftafe. 

It  was  about  this  time  that  we  were  told  by  Mr.  Brooke,  that  a  coated  jar  would  take  a  iugher 
charge  when  dirty,  than  when  clean  \  but  the  degree  of  dirtynefs  was  fo  ill  defined^'  diat 
X  moft  own  I  never  could  dirty  a  fingle  jar  fo  as  to  anfwer,  or  to  come  near  what  was  faid  of 
ilj  and  to  pretend  to  bring  all  the  jars  in  a  brge  battery,  containing  upwards  of  two  hundred^ 
hiit>  that  ftate  of  dirtynefs  was  never  attempted  \  neither  does  it  appear  diat  Mr.  Brooke  ever 

thought 
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(hought  of  dirtying  his  battery  jars,  as  he  only^  mentions  trying  two  finall  bdttiCSj  ^liofc 
charging  property  was  very  difierently  increafed  by  his  method  of  dirtying. 

Some  time  afterwards,  in  the  year  1792, 1  happened  cafually  to  difcover  that  a  boated  jat^ 
when  it  was  a  little  dampiih  in  the  infide  above  the  coating  (which  is  always  the  cafc  when  a 
jar  isfrefli  coated),  would  take  a  higher  charge  than  it  would  do  after  it  had  been  coated  for  fomr 
time,  and  was  quite  dry  in  the  infide ;  and  alfo,  if  the  atmofphere  was  lA  a  fnoift  date,  and 
the  jar  not  dryed  in  the  infide,  it  would  take  an  equally  high  charge.  From  this  it  appeared 
evident  to  me,  that  if  I  could,  by  any  means,  render  the  infide  of  jars  damp,  ft  would  anfwdr 
die  fame  purpofe.  Breathing  into  a  jar  was  tryed,  and  the  fuccefs  was  fuch,  that  it  would  re- 
ceive and  retain  nearly  double  the  quantity  of  eleftric  fluid  it  could  retain  when  dry:  and  m 
trying  to  fiife  wire  with  the  charge  of  one  jar  m  a  dry  date,  no  more  than  5  inches  could  be 
fufed^  though  after  breathing  into  it,  12  inches  were  fufed. 

This  tnethod  appeared  at  firft  fight  to  have  increafed  the  force  to  move  tfi^n  double ;  btt 
notwithftanding  fo  evident  and  ftriking  an  effed,  I  did  not  think  of  trying  what  would  be 
the  refult  of  charging  a  battery,  after  the  jars*  had  been  breiathed  into ;  being  deterred,  as  I 
fuppofe,  from  the  idea  of  its  being  fo  contradi&ory  to  the  common  method  of  ufitig  batteries, 
which  was  never  attempted  to  be  done,  but  when  the  atmofph^e  was  in  a  tolerably  dry  ftate, 
•and  the  jars  pfevioufly  cleaned.  But  in  March  1 796,  being  ehgaged  in  a  courfe  of  experiments, 
.when  the  atmofphere  was  fo  very  drf,  'that  a  fpoManeous  difcharge  always  took  place  before 
J  had  a  fufficient  force  to  anfwef  my  purpofe,  it  then  occurred  to  me  to  try  what  the  tfkfk 
o£  breathing  into  the  jars  of  the  battery  would  be.  In  this  trial,  or  refearch,  it  became  ne- 
ccflary  firft,  to  alcertaan  t!le  real  charge  that  the  battery  was  capable  of  receiving,  before  a 
vohmtaiy  explofion  took  place*  This  battery  Contained  17  fquare  feet  of  coated  glafs,  and 
was  compofedof  15  jars:  it  was  found  in  the  then  ftate  of  the  atmofjphere  to  be  incapable  of 
liifing  a  greater  length  of  Urire  than  18  inchest.  But  after  breathing  into  each  jar  through  a 
|;lafs  tube,  it  took  a^harge  winch  fufed  60  inches,  to  my  very  great  furprife  and  fadsfaAion, 
as.I  then  thought  I  h±i  obtadned  a  method  of  makmg  one  battery  perform  the  fu&Aion  of 
dunee  ^  becaufe  thitfe  times  At  quantity  of  wire  was  fiifed,  as  appears  by  comparing  this 
with  what  had  been  peffbmied,  by  inerea  fing  At  furface  of  batteries  by  former  eledricians. 
Hiis  notion  feemed  ftd  be  juftifiedf,  by  obferving  in  Dr.  van  Mammas  works^  that  I  had  en- 
Javged  his  batteries  af  thire  dtftnmt  times ;  his  iirft  contained  135  fquare  feet  eoatiBg,  the 
fecond  225  fquaxc  foctt  and  the  third  550 1  and  the  higheft  charge  of  the  firft  wats  juft  fuf« 
Ccient  to  fi^  180  inches  of  iron  wine  of  rf?  of  an  inch  diameter,  or  dincfaes  of  iron 
wire  of  ^  of  aa  mch  diameter  \  the  higheft^eharge  of  the  fecond  fufed  ^oo  inches  of  the  firft- 
mentioned  vnstf  or  10  inches  of  the  laft-mentioned*,  the  higheft  charge  of  the  third  fufed  25 
inches.  We  find  that  diefe  batteries  increafed  in  power  in  the  fame  proportion  as  the  coated 
lurtace  was  increafed.  1  was  prefentwhen  the  wire  was  fufed  by  the  two  iirft-ment^oned 
kattoies,  but  at  die  thiid  not ;  however,  we  have  no  reafon  to  doubt  Dr.  ¥an  Ifihim'a  re> 
pert*  Thefe  experiments  fupported  me  in  my  firft  noti<Hi,  that  I  had  Jifcovtred  a  new 
method  of  increafing  the.  fierce  of  a  battery  to  three  Unies  its  ufual  po^ct  ;.bttt  being  unable 
to  account  for  it  to  my  own  fatisfa£lioni  I  tefolved  to  make  a  courfe  of  experiments^  in  order 
i»^  Afow  fomc  light  on  die  fubjeA.  ' 
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The  chief  ietperiments  which  have  been  made  on  the  force  of  batterie09  bf  Mr«  Brooke% 

at  Norwich,  in  the  year  1786^  and  by  Dr.  Van  Mamm,  in  1785  and  1795*    The  refuils 

,were  very  different.  •  Some  experiments  which  I  made  in  Holknd)  and  afterwards  repeated 

here,  did  not  fcem  to  confirm  either  of  the  two*     All  that  had  been  done  either  by  Dr.  van 

Marum,  or  myfelf,  wasidone  without  the  help  of  fuch  an  ele£lrometer  as  could  indicate 

'the  proportional  quantities  of  eie£lric  fluid  with  a  fufficient  degree  of  accuracy. 

Mr^  Brooke  was  pofleflcd  of  an  inftrument  of  his  own  invention,  with  which  it  was  pot 
fible  to  afcertain  the  comparative  ftrength,  if  managed  with  the  (ame  dexterity  as  Mr.  Brooke 
himfelf  pofleiles.  But  this  inftrument  came  fo  high  in  price,  and  was  fo  very  difficult  in  its 
ufe,  that  few  eledh'icians  {Provided  themfelves  with  it ;  which,  perhaps,  is  one  leafon,  why 
this  fut>je£t  has  fo^long  remained  in  obfcurity.  I  have  lately  had  the  good  fortune  to  invent 
an  eledbrometer  which  has  all  the  properties  that  fuch  experiments  require,  and  is  very  fin** 
pie  and  eafy  in  its  ufe ;  and  with  this  I  found  myfelf  enabled  to  go  through  fuch  experiments 
as  were  neceflary,  with  greater  accuracy  than  any  which  had  been  made  before. 

The  eledrometer  is  reprefented  in  PI.  xxiii.  G  H  is  a  long  fquare  piece  of  wood»  about  18 
inches  long,  and  fix  inches  broad,  in  which  are  fixed  three  glafs.fuppoxt^,  D  £  F»:rnQ9Qted  witli 
brals  balls,  abc.  Under  the  brafs  ball  a,  is  a  long  brafs  hook  ;  the  ball  c  i$  made  of  tw/> 
hemifpheres,  the  under  one  being  fixed  to  the  brafs  mounting,  and  the  upper  tuniedwilhiiu. 
groove  to  ihut  upon  if,  fo  that  it  can  be  taken  oflF  at  pleafure.  The  ball  ^  has  a  brafs  tube 
fixed  to  it,  about  three  inches  long,  cemented  on  to  the  top  of  F,  and  the  fame  ball  has  a 
hole  at  the  top,  of  about  one-half  inch  diameter,  correfpondiiig  with  the  infide  of  the  tube. 
A  B  is  a  ftraight  brafs  wire,  with  a  knife-edged  centre  in  the  noddle,  placed  a  little  below 
the  centre  of  gravity,  and  equally  balanced  with  a  hollow  brais  boU  at  each  end,  the  centre, 
or  axisf  reding  upon  a  proper  (haped  piece  of  brafs  fixed  in  the  infide  of  the  ball  c^  that  fide 
of  the  hemifphere  towards  c  is  cut  open,  to  permit  the  end  ^  A  of  the  balance  to  defcencL 
till  it  touches  the  ball  a,  and  the  upper  hemifphere  G  is  alio  cut  open  ta  permit  the  end  r  B 
to  afcend }  f  is  a  weight,  weighing  a  certain  number  of  grains,  and  made  ^  the  form  of  a  pin 
with  a  broad  headj  the  ball  B  has  two  holes,  one  at  the  top^.and  tl\e  other  at  the  bottom'^ 
the  upper  hole  is  fo  wide,  as  to  let  the  head  of  the  pin  pafs  through  it,  but  to  ftop  at  the 
under  one,  with  its  (hank  hanging  freely  in  A  ^  a  number  of  fuch  pins  as^  commonly  made 
to  each  eledrometer  of  different  weights;  k  issi  common  Henley's •qfoadrant  elef^rometec^ 
.  and  when  in  ufe,  it  is  fcrewed  upon  the  top  of  f .  *^v  •.  ?  ,.'  -  « 

It  is  evident  from  the  conftrudion,  that  if  the  foot  ftand  horizontal^^^d^tl^e  ball  B  be 
made  to  touch  b,  it  will  remain  in  that  pofition  without  the  helpaf  fhe  i^ight-i;  and  i£  it 


I  >       J-     *      ..    '  .  I 
*  Though  I  had  read  Mr.  Brooke's  book,  as  I  thought,  with  a  fufficient  dc^rc^e  of  ^tentio^.wheivU  >vas 

firft  publiihedy  I  did  not,  till  lately,  obfcrve  that  it  contained  any  experiments  relating  to  this  fubje£t,  till  I 

begun  to  write  this  paper,  and   had  occafion  to  look  into  his  book  for  foroe'  references.    1  believe  tlieic 

'experiments  had  efcaped  Dr.  van  Manim's  notice  likcwife,  as  I  never  heard  him  fpealtof  them  when  hcwas 

making  others  of  the  fame  kind.  Though  Mr.  Brooke's  experiments  were  conducted  with  much  (kill  and  in* 

telligence,  they  are  fo  confufcdly  arranged,  that  this  had  entirely  efcaped  my  notice';  and!  doubt  not  but 

Vbat  it  had  alfo  efcaped  the  notice  of  fevcral  other  eledtricians* 

.        ,   flwuld 


* 
fhottld  by  any  means  receive  a  very  low  charge  of  ele£):ric  fluid,  the  two  balls  b,  B,  will  repel 
f»di  t>dxer$:  B  will  begin  to  afcend,  and,  on  account  of  the  centre  of  gravity  being  above 
the  centre  of  motion^  the  afcenfion  will  contiuue  till  A  reft  upon  a.  If  the  balance  be  fe^t 
again  horizontal,  and  a  pin  i,  of  any  fmall  weight,  be  put  into  its  place  in  B,  it  will 
tAufe  B  to  reft  upon  i,  with  a  preflurc  equal  to  that  weight,  fo  that  more  eleflric  fluid  rauft 
be  conununicated  than  before,  before  the  balls  will  feparate;  and  as  the  weight  in  B  is  in^ 
creafed  or  diminiflied,  a  greater  or  ief*  quantity  of  elc£kric  fluid  will  be  required  to  effeft  a 

reparation. 

When  this  inftrumcnt  is  to  be  applied  to  a  }ar>  or  battery,  for  which  purpofe  it  was  in- 
vented, one  end  of  a  wire,  L,  muft  be  inferted  into  a  hole  in  ^,  and  the  other  end  into  a  hole 
of  any  ball  proceeding  from  the  infidc  of  a  battery,  as  M* :  *  muft  be  (brewed  upon  C,  with 
ltd  index  towards  A ;  the  reafon  of  this  inftrument  being  added,  is  to  fhew,  by  the  index  con- 
tiauLog  to  rife,  that  the  charge  of  the  battery  is  increafing,  becaufe  the  other  part  of  the  in* 
ftrument  docs  not  aft  till  the  battery  has  received  its  required  charge. 
• '  If  this  inftrument  be  examined  with  attention^  it  will  be  found  to  confift  of  three  eleQiro- 
meters  V  ^^^  anfwers  three  different  purpofes,  namely,  a  Henly's  ele£^ometer.  Lane's  dif- 
charging  electrometer,  and  Brooke's  fteelyard  eledbometer;  the  fixft  not  improved,  but  the  two 
JbUl,  which  were  very  defe&Lve  when  firft  invented^  I  flatter  myfelf  are  here  brought  to  per- 
fe^ion.  As  the  only  ufe  of  Henle/a  ekdkometer  to  this  inftrument  is,  as  I  have  faid  befono^ 
.to  ihew,  by  its  continuing  to  increafe  in  ilivergency,  that  the  battery  continues  to  receive  a 
^ill  ftronger  charge,, it  required  no  improvement^  but  Lane's  eicArometery  in  its  primitive 
ftate,  could  by  iso  means  anfwer  the  required  purpofe  for  batteries,  becaufe  the  ball  intended 
to  difcharge  the  battery,  was  neceflarily  placed  fo  near  to  the  ball  of  the  battery,  that  duft  and 
-fibrous  particles  were  always  attraiEied  by  and  adhered  between  the  two  balls,,  fo  asto  retard 
the  charging,  and  often,  render  a.high  charge  impofliUe :  whereas,  in  this,,  they  are  placed  at 
iour  inches  afimder ;  and  when  An^  defirtd  Might  of  charge  is  obtained,  and  not  before,  the 
^haH  of  the  eledrometer  moves  of  itlelf  nearer  to  the  ball  which  is  conneded  with  the  outfldc 
of  the  battery,,  and  caufes  a  difchargfc.    The  defers  in  Brooke's  fteelyard  elefbrometer  were, 
I  ft,  that  it  could  not  caufe  a  difcharge,  and  adly,  the  difliculty  of  obferying  the  iirft  (eparation 
jkf  the  balls  cau£ed  great  error.    If  it  were  not  placed  in  an  advantageous,  light  (which  the 
nature  of  the  experiments  could  not  always  permit),  it  would  not  be  feen,  without  the  at- 
4ention  of  aa  aiBftant,.which  is  fometimes  unploafant,  and  camiet  always  be  commanded.  But 
the  inftrument  which  I  have  defcribed,  requires  no  attention  ov  affiftancev  for  as  foon  as  the 
feparation  takes  place,  between  B  and  i^  the.  ball  A  defoepdsx  and  difcharges  the  battery  o£ 
itfelf.-,   :     •      ..    ^     .  ,,  .  •• 

.  By  this  combination  and  improvcmci^s,  we  poflefs  in  the  prefcnt  inftrumcnt'all  that  can 
cyqr  be  ipquiredo^^aji  elcftromcter  j  namely,  by  i,  ,we  fee  the  progrcfs  of  the  charge ;  by  the 
feparation  of  B^/,  we  have  ib$  reputfive .power  in  weighty  and  by  the  ball  A,, the  difcharge 
is  caufed,  when  the  charge  has  acquired  the  ftrength  propofed. 

'  •*  A  tJfain,  01*  liire,  of  iny  body  thfotigh'wh'icfc-^he  charge  is  to  pafs,  mifft  be  hung  f  the  hook  at  iw, 
and  carried  from  thence  to  the  outjlde  of  the  battery,  as  is  repftfenttd  by  the  line  N.- 


53^  Experiment t  on  el^Shk  J^rs  mnJ  "BaUerieu 

Experiments  msde  with  a  Tletv  to  determine  in  what  Degree  the  charging  CapiK^y  tf  imifi  Jetfi^ 

is  increafed  by  breathing  into  them  before  the  charging. 

Experiment  i.  Prepare  the  eleftrometcr  in  the  manner  flicwn  in  the  platCi  with  tihc  jar  M 
annexed)  which  contains  about  i68  fquare  inches  of  coating*;  put  into  B  the  pinj  marked 
15  5  take  two  inches  of  watch-pendulum  wire,  fix  to  each  end  a  pair  of  fpring  tofig!^  as  is  le- 
prcfeutcd  at  G  m,  hook  o;ie  end  to  w,  and  the  other  to  the  wire  N,  communicating  with  th* 
out(idc  of  the  jar;  let  the  uncoated  part  of  the  jar  he  made  Tcry  dean  and  dry;  and  let  the 
prime  conductor  of  an  eledrical  machine,  or  a  wn*c  proceeding  from  it,  touch  the- wire  L$ 
then  if  the  machine  be  put  in  motion,  the  jar  and  eleftrometer  will  charge,  as  will  be  feen 
by  the  rifing  of  the  index  of  i,  and  when  charged  high  enough,  B  will  be  repelled  by  *,  and 
A  will  defcend  and  difcharge  the  jar  through  the  wire,  which  was  confined  tn  the  tongv, 
an(i  the  wire  will  be  fufed  and  run  into  balls. 

Experiment  2.  Put  into  the  tongs  eight  inches  of  the  fame  fort  of  wire  as  before,  hang  one 
pair  of  tongs  to  the  hook  w,  and  apply  the  otherto  the  wire  which  forms  the  outfide  communis 
cation :  take  out  the  pin  in  B,  and  put  in  its  ftead  one  marked  30 ;  all  the  other  part  of  the 
apparatus  remaining  as  before,  and  the  uncoated  part  of  die  jar  being  previoufly  cleaned  and 
4xied;  the  niachine  being  tlicn  put  in  motion,  the  jar  and  de6bometer  wHi  charge,  as  is 
Ihewnby  the  rifmgof  the  index  as  before*,  but  as  foon  as  die  jar  has  received  a  greater  qiutn. 
tity  of  ek£lric  ffuid  than  before,  a  fpontaneous  explofion  will  happen  widKmt  affeOtng' Ae 
balls  d  b^  becaufe  the  difcharge  win  have  pafled  aldag  die  uncoated  part  of  the  jar  froin  die 
infide  coating  to  the  outfide :  whence  it  follows,  that  while  die  jar  remains  ii^  tint  ^deah 
ftate,  it  is  incapable  of  receiving  a  charge  high  enough  to  aflbCt  the  balls,  or  eftn  a  h^ker 
charge  dian  it  had  received  in  the  firft  experiment.  Let  the  uncoated  part  of  the  jar  be 
dierefbre  rendered,  m  a  flight  degree,  damp;  which  is  eafily  done,  by  iHeatfiiiig  into  the  ifK 
Cde,  through  a  glafs  tube ;  put  the  machine  in  motion,  and  no  fpontaneous  ocpiofion  wilt 
happen,  but  die  balls  B  b  will  repel,  as  in  the  firft  experiment,  and  die  diichargcr  lirfll'happeik 
from  A  to  a,  and  pafs  through  the  wire  placed  in  the  circuit;  and  though  it  was  dgfat  indies, 
it  will  be  fufed  in  the  fariie  degree  as  two  inches  in  the  laft  experiment,  namely,  the  wiit 
feen  red  hot  die  whole  length,  and  then  fall  into  balls. 

Very  diAerent  degrees  of  fufion  are  caufcd  by  eleAnc  difchaxges,  which  may  caufi:  pem. 
niftakes,  if  not  well  attendbd'to.  It  is  proper  m  adhere  to  die  degree  afcovMiienfioiicd^  ^ 
and  particular  care  ought  to  be  taken  to  hy  the  wire,  intended  far  fufion,  ftnright,  wiAoot 
any  bendings  or  angles  in  it.  The  wire  ufed  in  the  two  laft  experiments,  was  that  which  is 
commonly  called  watch-pendulum  wire,  which  is  ftitted ;  and  as  it  approaches  vtry  near  to 
fucha  (harp  edge  as  might  be  fuppofed  t»  affeAthe  experiment,  by  permitting  a  fiffifiatfon  of 
the  ele£lric  fluid  in  its  pafiage,  round  wires  were  trietf,  and  die  refiilt  was  tlie  Emie. 

*  Take  out  the  pin  in  6,  a»d  obftrve  whether  the  ball  B  will  xsmm  it  red  upon  3  ^  i£  aot,  tim  Uic  at- 
juHing  fcrew  at  C,  till  ]i  ]\ik  remains  upoa^  A. 
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Bf  ti>s  bft  e||)^mf];itit  qppean^  duktbreathmginto  the  jar  had  increafed  its  charging  ca^ 
pacity  neadj  ia  the  (ajn^  pioportiott  aa  it  had,  done  the  batteries :  after  breathing  it  received 
a.chMg^  (iifii^ie»t  to/ofe  four  times  ^  length  of  wii>e  it  did  when  plean;  but  by  the  weight  kf^ 
the  ele^ometer,  and  alfo  by  tlie  greater  number  of  revolutions  given  before  the  difcharge. 
In^enf  dy  it  niight  be  fuppofed  that  the  jar  had  received  only  a  double  charge. 

The  following  experiments  are  intended  to  (hew  the  lengths  of  wire,  which  are  juft  fufed. 
\ff  wientf  iiuantitiea  of  elearic  fluid  at  the  fame  intenCty. 

Experim^  3.  For  this  pwrpoie,  a  (econd  jar  wad  placed  at  the  wire  L,  the  pin  marked 
30  was  taken  «ttt»  and  15  put  m  its  place,  two  inches  of  the  fame  fojt  of  wire  as  ufed  in  the 
laft  exi^iefunenc  was  placed  in  the  circuity  every  other  part  of  the  apparatus  remaining  ub^. 
akered^  the  Machine  was  then  put  in  motion^till  B  begun  to  aiccndi  when  4t  was  ftopptd,, 
aad  before  A  ocMild  reach  n,  one  of  the  jars  was  puflied  from  the  wire  L^to  do  which,  iheoj^ 
it  ahnays  fttffieiept  tsne  while  the  ele^omcter  is  in  motion)>  the  difchaxge  was  e£Ee£);ed»  aijd 
the  two  inches  of  wire  was  juft  fufed. 

Experiment  ^.  The  jar  whidi  was  puihed  away  in  die  laft  experiment  was  dScEarged,  and 
placed  at  the  wite  L,  as  befiKe,  and  eig^  inches  of  the  lame  fort  of  wire  placed  in  the  circuit  ^ 
the  oudkte  coating  of  the  jars  either  touched  each  other,  or  had  a  metallic  communicationv 
All  the  other  part  of  the  apparatus  remained  as  before,  and  the  madnne  was  pot  in  motion^ 
tiil  B-begua  to  afcend  \,  die  jar  was  not  renx>ved,  as  in  the  laft  experiment,  but  fiixfoed  to 
difi;harge  with  the  other,  and  the  dght  inches  of  wire  was  fuled  in  die  lame  degsee  as  the 
tpto  inches  in  the  laft  experiments* 

it  it  evident  from  the  pofitionof  die  s^pparatus,  that  the  quantity  of  eleOifc  fluid  dilcharged 
m  the  bft  experiment muft  be  doubk  that  of  the  former)  yet,  in  repeating  the  experiment^ 
I  had  difleient  reftdts,  whieh  made  me  again  fufped  the  edges  of  the  wire,  I  therefoie  ro» 
iohred  tt>  take  lOiiod  wire,iuid  of  as  large  a  diameter  as  could  be  conveniendy  fufedi. 

fie^eriment  $^  miib  three  jar/.  Iron  wire  of  ^y,  part  of  an  inch  in  diameter,  and  fixmcli» 
in  lei^gth^  wai  pfaned  in  the  circuit  V  duree  jais  were  placed  fo  diat  the  baits  proceeding  from 
their  infidee  torched  the  wire  L^  and  their  outfidecoatingtlouched  each  other.  Themadiinc 
was  turiMd  till  B  began  to  afcend^  the  dilcharge  was  caufed,  and  thewhoTe  lengdiof  the  wirt^ 
was  juft  nm  into  balls. 

JSnperiment  6,  witi  three  jars^  one  removed.  Two  mches  of  the  lame  Ibrt  of  wire  wat^ 
placed  in  die  circuit  in  the  lame  manner  as  the  lall^  and  the  three  jars  remained;  the  ma-. 
cUne  was  tnraed  tin  B  begun  to.  alcend,  dien  one  of  the  jaiit  was  drawn  away,,ood£Miiie9dy 
Mif  two  difidwEged,  and  the  vnre  juft  run  into  baUs  as.  the  laft. 

•  JSMperimemt  7,  mtbjiurjari.  Wire  of  ttv  part  of  an  inch  was  taken,  and  four  jam*  placed 
in  oontaA  with  the  wire  L,  with  their  ouifide  coatings  in contaA  with  each  other,  and  eight. 
indiet  of  wire  wat  placed  in  the  circuit  1  the  wei^t  in  die  ele£hrometer  reipained  as- before ; . 
lie  machine  was  then  put  in  motion  dll  B  begun  to  afcend,  the  dlfqharge  was  efie£led,  and 
the  wire  wa$  fi^ed,  and  run  into  balls.  The  experiment  was  repeated  with  the  lame  fort  of 
wire  8i  inches  long  ;  die  difcharge  was  juft  fuf&cient  to  run  it  into  balls. 

Repeated  with  nine  inches  of  the  lame  fort  of  wire,  and  the  difcharge  cauled  it  to  be 
hot  ^  whole  lengdL 
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'  Eteperimeut  8^  with  four jars^  Uv9  removed.  Two  inches  of  the  fame  foit  of  wire  wti  placed 
In  the  circuitj  all  the  jars  remaimng  as  in  the  laft  expermienti  the  machim  put  in  motion/ 
till  B  begun  to  afcend,  then  two  of  the  jars  were  drawn  away ;  the  difdiarge  was  canfisd^ 
and  the  wire  was  fufedi  and  run  into  baUs. 

Repeated  with  the  fame  fort  of  wire  ai-  inches  long,  Ute  difchat^ge  caufed  it  to  be  red  hot' 
the  whole  Icngdk 

Experiment  9,  with  fourteen  jars.  Wire  of  tIs  p»t  of  an  mch  diameter  was  taken^  csight' 
inches  long,  and  proceeded  according  to  Experiment  7 ;  it  was  fafed  and  run  ihto  botis. 

Experimera  10,  nvith  fourteen  jars  ^feven  removed.  Two  inches  of  the  fame  fort  of  wire  was* 
t'&eni  and  proceeded  with,  accorcUng  to  Experiment  8 ;  it  was  fufed  and  run  into  EaOs. 

'The  refult  of  the  foregoing  experiments  prfaves  fufiiciently,  that  double  quantities  of  elec- 
tric fluid,  in  the  form  of  a  difcharge,  will  melt  four  times  the  length  of  wire  of  a  certain  cfia^ 
meter;  and  Expitxments  ^  and  6  prove  that  when  one<-third  part  is  added  to  two,  three  ttiiies 
the  ienfifth  of  wire  was  fufed. 

'Thcfe  experiments  give  rcafon  to  apprehend  fomc  error  in  Dr.  van  Marum's  experiments^ 
becaufe  he  found  his  batteries  to  incrcafe  in  power  only  in  the  'fame  proportion-as  the  coated* 
furface  was  increafcd,  viz.  that  dcmble  furface  of  coated  glafs  only  co<ild  fufe  double  lengtlit- 
of  wire  of  the  fame  diameter. 

The  doAor  might,  perhaps,  have  been  led  into  a  miftake  in  the  following  mahnier :  firft)  he*' 
may  not  have  charged  the  batteries  to  an*  equal  height,  as  he  did  not,  at  that  time,  poflefii  an* 
electrometer  of  fuificieat  accuracy  for  that  purpofe ;  and,  fecondly^  he  may  not  have  beeltf 
imure  of  the  difierent  degrees  of  fufion  caufed  by  dedlric  difcharges,  but  only  judged^of  the 
ferce  by  the  wires  being  converted  into  balls;  by  which  great  miilakes  may  Happ^*  '  For^ 
if' a  wire  be  taken  18  inches  long,  and  of  fuch  a  diameter,  that  when*  a  jar  of  battefcy^isL 
charged  to  fueh  a  height  as  juft  to  caufe  it  to  run  into  balls,  much  fliorter  lengths  of  dut  < 
fame  fort  of  wire  may  be  fubjefted  to  the  lame  force,  and  ftillbe  only  converted  into  balhrby 
it ;  even  if  only  feven  inches  were  taken,  nothing  but  b^ls  will  appear;  the  only  diifeiehoe 
wiH^be,  that  the  balls  will  be  fmaller,  and  difperfed  to  a  greater  diftancCy  which  might  be  ea-^ 
fily  overlooked.     If  fix  inches  of  the  fame  fort  joS  wire  be  taken,  it  will  be  obmiferted  *int^' 
balls  and  flocculi,  ch:  brown  oxyde  of  iron ;  fo  that  to  be  accurate  in  this  point,  Jtke  toweflr 
degree  of  fufion  muft  be  had,  which  is  known  when  the  charge  has  paffed,  by  the  wire  bemg 
feen  Fed-hot  the  whole  length,  and  afterwards  run  into  baUs.  .:•':;*  I.      f  - 

.  Having  now  fufficicntly  proved  by  experiment,  in.  what  proporrion  di£ferent  qtiantiries.oF' 
elcAric  fluid  tlQ.  upon  different  lengths  of  wire,  which  was  required  to  be  known,  in  ordep 
to  explain  iii  what  proportion  the  charging  capacity  of  a  jar  or  battery  is  increafed  by  bftalh- 
ing  into  it,  before  the  charging  begins,  I  (hall  proceed  in  the  next  place  to  explain  this  point;- £ 

The  opinkm  that  I  had  at  firft  entertained  {though  fupported  by  Dr.  van  Marum's  experi* 
mems),  that  I  had  found  out  a  method  of  increafing  the  charging  capacity  of  batteries  to^ 
thre^  times  their  ufual  force,  was  not  fupported  by  the  fafts  that  the  ufual  power  of  a  clean  and : 
dry  biittery,  containing  17  fquare  feet  coated  furface,  namely,  that  of  fufing  from  i8'to  iz 
inches  of  iron  wire  of  ^  j^?  part  of  an  inch  in  diameter,  will  be  increafed  by  breathing  into 
tlic  jar,  fo  as  to  become  capable  of  fufing  60  inches.    If  the  firft-mentioned  effeft  be  taken*  at 

a  mea^ 
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ft  oiattl,:  it  will  beopi  then  the  increaied  eSklky  gained  by  breathing,  wiU  be  juft  {^  tt  detcN 
mined  by  the  wire  \  and  experiments  5  and  6  prove,  that  in  order  to  produce  fuch  an  increafed 
tfie£^,  an  additfon  of  f  part  of  the  coated  furface  muft  be  added  to  the  battery,  which  ia  about 
^16  iquare  incbei.  This  would  amount  to  an  addition  of  54  f^juare  inches  to  cacb  jar )  or,  iti 
other  words,  if  that  quantity  of  coadng  could  be  added  to  each  jar,  the  fame  efled  would 
be  ptpdttced  as  when  breathed  into.  But  this  would  require  the  coating  to  be  within  an  indi 
of  the  top,  which  wouM  render  th^  battery  unchatgeable,  a|  leaft,  to  that  degree*  A  batteiy 
cf  15  jars  conftruAed  in  the  ufual  manner,  udU,  therefore,  by  this  treatment,  become  equrrsU 
iant  in  power  to  ai  jars  of  the  iame  kind,  if  clean  and  dry*. 

To  explain  the  eSkOi  of  breathing  into  the  jars,  appears  to  be  a  matter  of  fome-difficuky. 
This  eqieriment  hat  been  (hewn  to  feveral  electricians,  and  difierent  opinion^  have  beeft^ad* 
4nnoed,.nioft  of  which  feem  to  imply,  that  breathing  ads  as  a  coating  to  tbt  UncoateH  part, 
which  will  appear  in  die  fequel  to  be  a1>furd.  Mr.  Nicholfon's  opiidon  (fee'Philofi  Journal, 
IL  219)- comes  much  nearer  ta  the  truth,  though  it  does  not  appear  to  me  td-be  fitlBdetal  to 
ttCCQunt  for  die  efie&  produced.  •  I  admit,  with  him,  that  a  fpontaneous  expiofi^ifiiitef  the 
imcoated  part  is  moft  commonly  caufed  by  undulation }  >but  that  thir  iuidttbdcm  Ss^  <fAfel 
by  the  difcharging  of  difierent  charged  zones,  will  be  difficult  to  prer^  beCCtuIb  ftiil^iMidl 
camiot  exift  upon  clean  and  dry  glais.  •  •   •      ^\:r  ;:.}    y^-: 

.  When  die  uncoated  part  of  a  Leyden  jar  is  made  perfedly  clean  and  <&^>  jttifi'f6€^  fet 
to  theoondu£bor  of  a  machine  in  adlion,  it  will  begin  to  charge,  and^  white '^fllhn^g&ig,  the 
coated  part  of  the  jar,  and  the  wire  which  is  connedied  widi  it,  become  ^qkaSjr  chai^dili  anA 
each  endoarours  to  throw  off  that  furplus  of  ekdhic  iuid  which  i94[i»cblg  infolhdif>i«iift 
coating  from  its  edges  upwards,  and  that  part  of  the  wire  which  is  above  the  4otdii^  aiiA 
within  the  jar,  wiU  endeavour  to  throw  it  in  aU  direCUons,  which  will  <:«u(e  it  to  be  t^^wiS^ 
cd  by  an  ele£bic  atmofphere,  increafing  in  denfity  as  the  charge  increafes.  Tfab  atihofpher^, 
tpgedicr  witlk  that  ghren  out  by  the  coating,  fills  the  whole  jar.  Part  of  the  eltt£hriq  8uid 
forced  into  the  -coating  enters  die  furface  of  the  glafs,  but  the  uncoated  part,  being  dean-and 
dry,  both  withinfide  and  without,,  the  infide  refilb  the  fluids  entering  its  furfsKC,  which  is 
kept  fufpended  alt^a  diftaiice,*becaufe  the  natural  ele£hic  fluid  contained  on  the  outfide,  finds 
lib  means  of  efcapc  Btit  the  a£lion  of  the  machine  ft  ill  continuing,  prefles  it  ftiU  clofer  to 
the  furface,  and  at  laft  overcomes  that  refifting  force,  and  fome  of  the  pardcles  on  the  outfide 
give  way/  which  canfes  an  unduladon  in  t}ie  infide,  and  the  elefhic  fluid  clofes  inftandy  in 
upon  its  infide  furface,  and  forces  a  greater  quandty  from  the  outfide.  Flalhes,  or  condl 
cations,are  thus  caufed,  which  are  always  feen  when  a  jar  is  charging  in  the  abovemendoned 
circumftaaces :  the  charge  ftill  continuing  to  be  made,  forces  another  quantity  from  another 
part  of  the  outfide  of  die  jar,  and  caufes  a  fecond  corufcadon  and  unduladon,  \riiich  idcy 
be  fo  (bong  as  to  caufe  a  fpontaneous  difchaxge;  or  two  or  three  more  corufcations  and 
tmdulations  may  happen,-  before  the  difchiarge,  according  to  the  fteadinefs  or  unfteadinels  of 
the  a£tion  of  the  macUne,  the  Quandty  of  deftric  flmd  dirown  off  from  the  outfide  at  eadk 
unduladon,  and  alfo  the  degree  of  drynefsattd  cleaiinefs  of  the  uncoated  part  of  the  jar.  A 
difcharge  fotnedmes  happens  without  having  previotifly  occafioned  :my  perceptible  conifcar 
don.*  •  This  is  die  cafe  whien  the  ^  unduhrdoii  hds'tteen  fo  ftrong*;  as  to  caUfe  the  whok 
•  ''  Vol.  n.*-^MA&CH  1799*  3  Z  difcharge 
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dificfaarge  with  the  firft  coruicatioiiy  tbe  one  being  fo  quickl;^  followed  by  the  odier'  duit  h  it 
imperceptible. 

A  jar  will  ibmetimeSf  whik  it  is  charging,  give  a  great  many  imall  comicationay  qmcklf 
Siccecding  each  otbeTy  which  afterwarda  oeale  without  hiring  caufed  a  ^pontaneoiia  ei^lofion^ 
diough  the  a£Hon  pf  the  machine  be  contiiiued.  This  happens  vftisa  the  imcoated  part  is 
nearly  dean  and  dry^  but  not  per&£Uy  So  \  its  furface  ftiU  containing  fome  conduftiiqr  par* 
llclesf  bat  not  ib  conne^^edf  that  tbe  cle&ric  fluid  can  pafii  from  one  to  the  other  without 
leaps^  or  linaU  cqmifcations  on  the  outfidc^  which  permit  the  eledric  fluid  to  fpiead  gradu* 
ally  over  its  infide  furface^  and  prevent  tbe  yndubtions  from  being  fo  ftro^g  as  to  caufe  a 
difcharg^ 

After  4ia  e^lanation  of  the  cauie  of  the  flaihesf  or  oorufcationst  wUdi  are  ieen  upon 
the  iincoated  pttt  of  a  jar  while  charging,  and  alfo  that  fudi  comtcartons  piocbice  undtt^ 
latiooSf  which  temuipate  in  a  fpontaneous  explofion;  it  remuns  now  to  ezpfadn^how  a  jar 
is  jQhaifsd.  when  the  conifications  are  prevented  by  breathing  upon  the  iinooated  port. 

tTfTbea  a  ^coated  jar  is  breathed  intoi  and  then  fubje£ied  to  ihe  pvoceft  of  chaigiiq;,  die 
ttoOliciiAl  isiorced  intjp  it,  along  the  wire  in  the  infide  to  the  ooatbg^  where  it  inftanily  and 
.i^fiattf  i^tcads  ^(idf,aKr  the  whole  coated  part,  and  at  the  fame  time,  though  with  £ffiailty» 
and  coniSsqiMVidy  gradually,  it  fpreads  it&lf  over  the  uncoated  part,  taking  the  condenied  film 
of  humidity  fat  its  condudlor,  as  it  proceeds  £n>m  the  edges  of  the  coating  upwatds  towards 
the  moudi  of  the  jar,  according  to  the  arrangement  of  the  particles  of  moifture,  and  riiet 
iiigher  or  lower,  depending  entirely  on  their  arrangement,  and  the  force  with  which  if  is  re* 
fdlod  from  the  machine^  If  the  conducting  particles  be  ahnoft  uniformly  diflfufied  over  the 
imcoated  part,  the  whole  jar,  in  the  infide,  wiU  become  charged,  though  the  unooated  part 
will  be  charged  in  a  much  lefs  degree  than  fiA  eoMed,  on  account  of  the  ItaperfeCtion 
of  the  conducting  particles  which  has  adhered  to  its  furface ;  no  corufcations  will  be 
j^ceived,  on  account  of  the  gradual  and  equal  difiuCon  of  the  eleChic  fluid  over  its  infide 
furface :  and  though  the  charging  be  continued,  yet,  if  the  exhaled  conducing  particles  be 
favourably  diSufed,  no  fpontaneous  explofion  will  happen  from  one  coating  to  the  othet^ 
along  the  uncoated  furface,  but  the  jar  will  either  be  perforated,  or,  if  it  be  of  fufficient  ft]tiengtli 
to  refift  that  efieCl,  the  deCtric  fluid  will  be  feen  to  run  in  a  ftream  over  the  itiouth  of  the 
jar,  as  quickly  as  the  machine  fupplies  it.  Whenever  a  fpontaneous  ele&ric  explofioii 
happens,  it  muft  be  from  a  body  of  fufiicient  bulk  and  condudnig  property  to  con« 
tain  that  quantity  of  eleCtric  fluid  at  that  point  from  which  it  explodes,  otherwife  pp«xpIor 
fion  ever  happens.  But  the  humid  conducting  particles  are  juft  fufficient  merely  to  admit  thi^ 
eleCfa^c  fluid,  by  the  a&ion  of  the  machine,  to  be  fpread  over  the  furface  of  the  glafs,  but  in 
no  part  of  fufficient  denfity,  either  to  recdve,  or  contain  an  explofion^  14  theiefbre,  a 
^ntaneous  explofion  do  happen,  it  muft  either  proceed  from  the  infide  coating,  or  -the  wire 
which  U  qoQneCied  with  it  to  the  outfide  \  and,  if  we  examine  the  ftate  of  the  coating,  we 
ihall  imderftand,  that  the  edge  of  the  coating  (from  which  part  only  it  is  ever  poffihle  to 
explode),  and  alfo  above  it,  to  a  fhort  diftance  upwards,  is  as  ftrongly  charged  aa  the  coated 
part  y  and  by  the  adion  of  the  machine  it  is  fo  ftrongly  loaded  with  eledric  fluid,  that  it  is 
rqpulfive  in  all  directions,  which  keeps  back,  or  entirely  ftops,  a  fpontaneous  ocpJofiim  from 
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l)tc  fe4^  of  tilt  toitingl  .  With  regard  to  die  wire,  die  onlffhc^  from  which  it  MplodHt  : 
fpontancoufly,  is  that  part  which  is  nearly  of  an  equal  height  with  the  edge  of  the  mouth  of  dio 
jft«.  The  fliud  18  nearly  as  much  condenfed  on  tlus'part  as  on  the  other,  iib  ihiit  an  explofion 
fxom  the  wire  is  hindered  by  the  fame'  caufe  ts  fran  th^  coadng.    A  jar  under  fibdi  cir«  ^ 
cumftances  eannot,  dieref ore,  explode  (pontaneonfly  i  but  the  tmd  wiH  run  over'  thfe  edge  xA 
tbe  jar  as  quickly  asdic  machine  fumiilies it,  #^  il»tchargiiig  eaptdty  b  full. 
.1  ha£?e  ftated,  at  page  536^  thtt  a  jar  of  die  dimoifidns  dne  gtven*  heing  clean  and  drf, 
can  only  contain  a  charge  fufficient  to  fufe  t 'iticbes  of  a  certain  wire,  and  when  breathed 
into,  its  charging  capacity  will  be  fo  much  encreafed,  diat  it  will  contain  a  charge  fuffident ; 
tafufe  8  inches  of  the  fame  fort  of  wire;  and  a  battery  of  15  jars,  in  the  firft-mendoncd 
itate^  can  only  fufe  10  mches,  and  in  the  hft-mendontod,  60  inches.    This  bcreafed  cjiarg«» . 
ing  capacity,  proceeds,  no  doubt,  from  die  parddes  of  moifture,*di6ugli  not  from  their  a€dnj{ 
M  ft  coatings  aa  has  been  fu^Mfed,  but  by  their  bdog  brought  into  a  ftaia-or  o^adty  of  re- 
fifting  a  fpoDtaneotts  explofikm,  ib  that  a  (tronger  charge  is  forced  hi  upon  die  ieosiiticd  Indrt. 
Some  of  die  eIe£Mc  fluid  which  was  forced  i^on  the  uncoated  part  to  a  cettdii  l^ght 
(perhapa  \  an  inch,  more  or  lefs,  according  to  the  degree  of  dampoeft,'  aai  die%mid6a  of 
the  parddes)  may,  indeed,  be  difduarged  along  with  Aatft(om  tke  coated  pM;  but  this 
is  of  little  iinportanoe,  and  by  no  means  capable  of  producing  dwt  increafed  dfeCt^^hidi^ 
as  I  have  Ihewn  by  esperimenti  would  require  aa  addidooof  feven  ]ara  ta  h -Wtiery  oC: 
fifteen. 
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To  Mr.  NICHOLSON. 


F  the.  £Dlio5irifig  imperfi^  andyCs  fhould  meet  your  approbation,  I  ftaH  feel  myfclf  flat«^ 
tcred  by  feeing  it  nodced  in  jour  excellent  monthly  publicadon. 

I  have  the  honour  to  be^ 

'  Sir, 

Badly  Tour  humble  fervant, 

No.  28,  Gay*(be6&  GEORGE  SMITH  GIBBSSr-! 


.»• 


'  A  friend  of  mine,  die  Rev.  Mr.  Richardfon,  fome  little  time  fince,  (hewed  me  a  fpccAtteiif 
of  a  fubftance  which,  he  faid,  was  fouiid  in  great  abundance  in  the  neighbouthbod  Of  Sbd^ 
buryi  in  Ghmcefterfliire,  where  it  was  ufed  for  the  purpofe  of  making  gravd  walks.  Th^ 
fkotie  was  compofed  of  a  vaft  number  of  fmall'  cryftals,  wMch  cohered  fogethtef  with  but 
little  fbtee.  The  cryftals  were  eafily  reduced  to  powder,  and  were  not  zStStei  by  any  acidi 
I  txf(3lM  eqtud-paita  of  thefe  cryftals  in  the  ftiilif  of'iar^fine  powder  atfd  diarcoal  t6  "ikt 
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of  beaty  and  I  founds  on  pouring  the  muriatic  acid  on  the  fuMamee^  itrhen  cool,  tfiat 
mA  a  great  difei^agement  of  fu^hurated  hydrogenous  gas. 

Itered  this  folution  in  muriatic  acid,  and  I  founc^  the  cryftab  ezadly  fimihr  to  thofe 
I  had  often  formedy  by  adding  the  muriatic  acid  to  the  ftnmtian  eardi,  found  in  Scot* 


land.  This  muriate  poflefled  fthe  pioycity  of  changing  die  flame  of  the  candle  to  a  moft 
beautiful  red  colour.  A  copious  predpftation  was  formed^  when  the  fnlphuric  add  was 
added  to  a  iblution  of  this  muriate.  'From  tiiefe  experiments,  and  fron  the  external  diarac- 
tersof  the  ftone»  I  have  no  hefitalkm  in bdioring,  that  it  is  compo&d  of  the  fiilphmrie  add 
and  ftrontian  earth. 

P.  S.  Should  you  wiih  to  pofleis  a  fpecimen  of  this  fubftance^  on  receiring  a  line  firom  you^ 
I  Wi4:^tal^  the  firft  opp9rtunity  of  iending  one  to  you. 


• .'         ^  •     . .,  .         ...  ... 

On  tie  Corundum  &one,  from  jffia.     By  tU  Right  HonQwrabk  CHjIRLMS  Gmm.FJLLE^  F.  R.  8^ 

from  p.  485,  VoL  IL) 


JD^IL  Tranckellf  who  rcfides  in  Ceykm>  and  from  whofe  communications  I  derived  latelf 
much  information,  had,  about  fire  years  agO|  a  iapphire,  the  greater  part  blucj  and  the  re« 
mainder  of  a  ruby  colour.  I  &W|  in  Rome  de  Ulfle's  colle^on,  at  Paris,  a  {mall  gem,  which 
was  yellow,  blue,  and  red,  in  diftin£t  fpots,  and  he  called  it  oriental  rttby.''M.  de  la  Metherie,  to 
avoid  the  confufioa  of  the  denomination  oriental  ruby,  with  o£loedral  ruby,  calls  it  a  fapphire : 
with  inore  corredbieis,  I  think,  the  abov^-mentiooencid  gpms  ilionld  be  claiTed  as  argillaceous, 
imder  the  denomination  of  corundum.  I  am  not  uninformed,  that  corundum  is  faid  to  be 
found  in  France.  The  Count  de  Boumon  is  convinced^ .  that  the  fpecimqis  mentioned  in 
Crell's  Journal,  as  having  been  found  by  him  in  a  granite  in  the  Forez,  were  corundum.  M. 
Morveau  alfo  lays,  he  found  it  in  Bretagne  i  but  the  Abbe  Hauy,  in  No.  28,  of  the  Journal 
des  Mines,  aflerts,  tkit  the  corundum,  found  in  France,  is  titanite  ^  he  does  not  fay  whether 
this  obfervation  extends  both  to  the  corundum  of  Bretagne  and  that  of  the  FjOrez.  In  th^ 
lame  manner  I  had  obferved  in  the  fpecimens,  which  Mr.  Rafpe  called  jade,  or  a  new  fub- 
fiance  firom  Tiree,  on  the  weft  coaft  of  Scotland,  a  great  refemblance  to  corundum  \  but,  hav- 
ing then  only  had  a  curfory  view  of  the  fubftance,  I  am  indebted  to  Mr.  Hatchett  for  the 
examination  of  a  fpecimen  of  it,  which  he  had  from  Mr.  Rafpe's  collection.  The  Tiree  ftone 
lefinnbles  cryftallized  corundum  of  the  coaft,  in  texture  and  colour ;  it  is  alfo  as  rdPradory, 
when  examined  by  the  blow-pipe,  with  difierent  fluxes.  Its  fpedfic  gravity  is  3,049}  confe- 
quentiy  nearer  the  fpeci6c  gravity  of  pure  corundum  than  the  above-mentioned  hunp,  21785^ 
and  the  matrix  of  corundum,  2,768.  The  Tiree  ftone  will  fcratch  glals  readily,  but  not  rock 
cryftal ;  its  hardnefs,  therefore,  correfponds  with  that  of  the  matrix  of  corundum.  The 
fubftance  of  the  lump,  defcribed  in  page  481,  cuts  glafs  and  rock  cryftal,  and  the  Tiree 
ftone,  readily. 
Jt  will,  therefore^  be  fufficicnt  for  me  to  fay,  that  there  is  great  probability  corundum  ma^ 

be 
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be  feimdin  Great  Britauh^  and  on  the  Contihsent  of  Europe,  as  trell  as  in  Afia ;  and  the  above 
flight  eflays  nay  (how,  that  obfenrations  on -corundum,  in  its  difierent  ft^tes  of  purity,  may- 
lead  .t4.accural5e  di^£iion  between  fubftances  hitherto  imperfeftly  known,  and  will  lead  tO' 
a  rcvifion  of  the  fiUceous  genus,  whereby  the  argiUaceous  gems  may  obtain  its  due  pre-emi- 
nence inmineralogf.    When  gems,  by  art,  or  by  rolling  in  the  beds  of  rivers,  have  been  de- 
prived; of  the  angles  o£  dieir  ccyftals,  they  are  unavoidably  fubjeded  to  uncertain  external - 
charaAers,  which  cvew  great  pni£Hce  cannot  render  certam  j  and  hence  Ac  unwillingnefe 
ef  European  Jewd&rs  to  deal  in-coloured  gems.    I  have  ibme  fpecimens  of  a  fapplurc-bluc 
ftone,  India  cut,  very  finaU  and  pellucid ;  they  were  purchafed  in  India  as  fapphires,  «id 
were  fuppofed  lo  be  fiuor  by  a  lapidary  in  London,  but  are  cyanite.    The  above  could 
fcarcely  have  happened,  if  thefloneshad  been  of  fufficient  fize  and  value  to  require  much 
czaminatien,  the. weight  and'd^ieeof  hardnefs  being  exceedingly  deficient.    Thecok)ur>. 
liberefore,  will  not  be  a  bit  gmic:  The  diamond,  whedier  white,  blue^xed,  yellow,  or  green^ 
can  be  diftinguifhed  bf  its  cryftal,  or  by  its  fpecific  gravity  andt  hardnefs,  or,  when  it  is 
poliflied,;by  its  luftre*-  Other  ftonet,-  which  compofe  theordef'  of  gems,  might^quaUy  depend 
on  their  cryftallizatioii^  tjgea&c  gtavity,  polifli,  and  hardnefs,  for  a  diftind  arrangement. 
The  near  reladoitof  argil,  which. Bergman  gave  to  this  order,  is  daily  confirmed ;  and  it 
will  be,  perhaps^to  Mr.  Klapxptfa,moire  than  to  any  other  exifting  chemift,  that  we  ihaH  owe 
our  corre&  information,  on.  the  fubjedof  other  gems,  as  we  do  on  the  fubjeA  of  oomndum. 
filany  of  the  .varieties-of  conmdum,  particularly  the  c6lottted.aiid  tranfparent  forts,  widi  their' 
regular  cryftalUzation6i.are,yeti2^U!fyM9i<    Matiy  cryftallized  ftones^  from  defe£l  of  colour^ 
hiftre,  &c«  axe  of  £ttie  value  in  th^  market,  fnch  as  jargon,  ehiyfolife,  tourmaline;  and  an 
infinity  of  unnamed  ftones  cf  C^ejdon,  Pegu^lSiam,'  &e.  would  be  valuable  to  die  mineraIogift,if 
obtained  adhering  to  lheir.ibrat%  and  inelryftalsjwfaetvextimalform  is  not  obliterated.  Ihave  no 
dcfubt,  when  it  ibluiown  how  much  fuch-infermatioii  wiD  tehdto  Hluftrate  Ae  hiftory  of  the 
earth,.and  particulaily  that  of  gems :  the  fpirit  of  enquiry,  fo  latidably  afloat  in  Bridfh  India, 
wiU  be  dire£led  to  attain  it.    I  have  not  heard  of  any  metallic  ^^s  being  found  in  corundum, 
unlefs  a  ftone,^  which  Alonfo  Bad>a,7f^•. x,  r.  13,  defcribes,  (hould  givean  inftance.    '' Thd 
clwmpf,  fo  calledfirom  its  grey  colour,  is  a  ftone  of  the  nature  of  emeky,  and  contains  iron ;  it 
is  of  a  dull  luftre,  di£Bcult  to  work,  becaufe  it  refills  fire  long.    It  is -found  at  Potofi,  at 
Chbcaya,  and  other  places,  with  the  minerals,  negrillos,  and  rbfideres.'^ 

Haying  mentioned  the  varieties^bf  cry^Uized  and  amorphous  comndunr,  and  die  mifcella- 
neous  {2SU  relalive  to  my  cdleAbhx)f  that  fubftance,  from  India  and  (3mia,  it  might  be  fufli- 
eient  to  give  an  i^wi  of  the  cryftal,  and  dofe  a  paper  already  proHx ;  but  hinring  with  fiiti^faJHon 
obferved,  within  Ae  laft  years,  the  fcieifce  of  ttiili^irstl6gy  gaining  ground  in  Great  Britain,  from 
die  knowledge  acquired  by  feveral  gentlenten*,  wh<ytive  examined  the  mines,  and  formed  per- 
ibnal  acquaintances  wjth  the  moft  learned  and  experibhced  itien  on  the  continent,  and  alfo  from 
ingenious  foreigners,  who  have  communicated  their  obfenrations  on  Englifh  foffils,  and  con- 
iie£^ed  (he  n  with  the  moft  approved  fyftems.  It  may,  perhaps,  be  accepted  as  a  fufficient  apology 
for  what  follows ;  that  I  confider  it  as  a  defideratum  to  Englifii  mineralogifts,  to  be  invited  to  a 
preference  of  permanent  dxarafters^  which  the  ftu47  of  cryftallization  ba^coUeiledj  and  which 
•.     't  promi&a 
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promifes  to1>e  a  certun  mediod  of  afcertainingthe  laws>  by  which  dc£liT'e  attra£lion  amngor  * 
and  combines  molecules  of  matter.    It  is  true,  the  progrefs  of  cryftallography  has  been  ex- 
tremely ilow,  and  difierent  nations  have  contributed  to  its  prefent  improvement.  It  is  rather  re-> 
markable,  that  the  earlieft  treadfe  on  metaUurgy,  of  authority,  was  pobKihed  in  Ilsify,  by  Va- 
noccius  Biringuccius,  juft  before  Agricola  publiihed  his  Treatife,  in  1546^  in  Germany  ;'and 
^  firft  treatife»  on  the  Strufture  of  Cryftals,  I  knotr,  is  alio  from  Italy,  by  Nicolas  Steno?* 
Proirmnus  Dijertatienis  tie  Solido  intra  SoUdum  naturaliter  juntenin.     FbruntU^  166^^  tn  4ilr» . 
A  work  of  great  merit.  Louis  Bourguet  of  NeufchaCel,  in  hit  Leitris/ur  b  Fgrmdtim  der  8eBt 
eiiis  Crjftaux.  Amji.  17299  \^m9•  connededi  by  obfervatkm  and  meafure,  trianguhr  and* 
rhomboidal,  and  cubic,  and  pyramidal  tetraedal  molecules,  for  att  diflbrent  fuHftances^   Hit- 
contemporary,  Maurice  Antoine  Capelkr*,  attempted  to  deduce  a  fyfteminmi''ge(»netrical 
principles ;  and  in  this  date  did  Linnseus  find  the  fubjeft,  when  he  attempted  to  reduce  the 
fcience  of  minerals  to  external  charadlers,  and  cryftaliized  bodtes  to  (aki. 

N(me  of  the  obfervations  of  Linmeus  will  prove  ufelefs  to  fdence  \  bat  Us  iyfteifn  alarmed 
Ac  chemifts  and  mineralogifts,  who  reje&ed  every  odier  criterioii,'tlra  Intermil  chara£ber 
from  analyfis,  and  the  fyftem  of  Cronftedt  was  preferred  by  general  aiEmt.  By  this  means,' 
a  fpirit  of  controverfy  deprived  the  chemift  and  lydiobgift  of  mtftmd  alRftance ;  and  the 
general  opinion  was  corredi,  on  the  fuppofition,  thit  t  mixed  fyftem  of  chemical  and  external' 
charafiers  would  be  irreconcileable ;  but  it  has  been  admitted,  even'by  diofe  who  mofb* 
decidedly  oppofed  Linnaeus's  fyftem,  that  the  beft  fyftem  oEf  mineralogy  (hoaU  be  founded 
on  external  and  internal  charaAers  combinedf •  Among'  die  few,  who  ventured  to  exprefsr 
their  obligations,  at  the  fame  time,  to  lionssus,  and  to  Cronftedt,  was  Baron  Bom,  whofe 
abilities  and  chara£ler,  in  addition  to  his  diftinAion,  us  one  of  die  oonnfellors  of  mines  cf  hit 
Imperial  Majefty,  obtained  his  torolment  ankMig  the  feHows  of  die  Royal  Society.  He  con-^ 
ne£led  the  intrinfic  and  extrinfic  chambers  of  minerals,  in  die  Index  FoflUium,  which  he 
publiihed  in  1772.  In  Sweden,  Bergman's  Treadfe  on  the  Forms  of  Cryftals,  publiflied  inr 
the  Upfal  Traniadioiis,  in  1 773,  was  a  more  authoritative  reoommendadon  to  the  inveftigation 
of  the  principles  of  cryftailixation  \  and  it  can  be  of  litde  importance  for  me  to  add,  that 
fince  I  have  poflefled  die  colle^iion  of  Baron  Born,  in  1 773, 1  have  had  every  confirmadon 
of  the  fame  opinion.  ,  The  progrefs  of  chemiftry,  and  of  cryftallography,  applied  to  minera-^ 
logy,  has  rendered  the  examinadon  of  ftrata,  and  of  mmes,  a  fource  of  amufement  as  well  a$ 
Inftrudion  $  and  die  arrangement  of  interefting  laiAs,  in  the  chemiftry  and  mechanifin 
of  nature,  fiiits  my  occafional  refearches  in  geology,  wlucb»  from  variety  of  avocadons  and 
circumftances,  have  been  very  much  intemipied*  My  admowkdgment  of  obligation  to  the 
learned^  who  have  made  this  progrefii  in  icience,  is  the  beft  lecommendarion  I  can  gnre  to 
odiers  to  examine  their  works.  Tbofe  whofe  talents  and  time  are  devoted  to  theinveftigadon 
of  ev<ery  mineral  fubftance  can  have  no  refpite  to  their  labour ;  minerals,  in  every  ftate  of  thdt 

*  Prodomus  Crydalbgraphix,  &c.  and  Litterae  ad  Scheuzcrum,  de  Cryftalbrum  Gcocrauoac  Aft*  Hau 
Cur.  vol.  14.    Append,  p.  9.  . 

f  Nullum  itaque  eft  dubium,  quin  h.ujurmodi  method  us  mixta,  quae  n«tis  chara6tcrifticit  tarn  cxtrinfccis 
quam  intrinfccis  fimul  combinatis,  eft  fupcrftrufta,  proximc  ad  naturalem  accedens,  maximam  indicans  fymw 
mtriam,  reliques  fit  prxferenda  mechodis.  J.  G.  Waileriusy  dc  Syftematc  Mineralogtco  rite  condcndo.  §.  loa. 

*  formation^ 
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« fermation,  perfeAion^  and  decompofition,  as  they  occur  in  mines^  niuft  have  their  qualitieB  in^ 

-  mediately  afcertained,  and  be  referred  for  profit,  or  thrown  away  on  the  heap.    The  pra£Hcat 

;  miner  could  not,  without  external  charadecs,  make  any  progrdlii.  The  valuable  minerals  ate 

.  fooA  pointed  out  by  aflay,  and  their  appearance  numbered.  The  accurac^uf  ifeleaion  dq>ended, 

in  idl  periodfif  much  on  the  experience  of.  the  miners.    It  remained  Sof  Mr.  Werner  to  give 

the  utmoft  dc^gree  of  accuracy  which  irrq^uiar  external  char»&er8  can  aoqmre,  by  fixing 

.  appropriate  terms  to  all  the  chara&ers  which  o^pours  and  vi^iich  the  fenfes  can  difcrimi* 

state.    In  17741  he  opened  his  fyftem  of  external  chariQcrs  of  minerals }  and  the  per- 

fe^ion  he  has  fiiice  given  to  it,  has  rendered  it  very  general.    The  Leikean  coUefiionft 

rsuranged  after  Mr^  Werner's  method,  has  procured  in  Mn  Khrwan  a  powerfiil  fupport 

.ta  the  mtrodu£tioa. of  that  fyftem  in  this  country;   and  we  have  already  fome  other 

valuahlp  pttblicationp,  to  seconunend,  and  introduce  other  favourite  fyftems  of  the  contt- 

nent.    It  is,  theidbt^.  at  this  timc^  the  Englifli  min^ralogift  ihould  be  invited  to  examine, 

if  not  to  preCor,  pennahent  chara^lers,  fo  far  as  the  progrefs  of  cryftallography  has  c(^ 

.le£ted  them»  or  nft  kaft  to  |pve  them  a  4iftinguilhed  rank  among  external  charaftcrs  of 

bodies. 

fif  prejudice  too  kMig  has  retaided  the  union  of  intrinfic  and  extrinfic  chara£lerd|  it  has 
alio  occafioned  a  ibhtfin  amoog.the  advocates  of  cryftallography. 

Rome  de  L'llle,  in  the  year  1772,  puUiflied  the&ft  edition  of  his  Eflay  on  Cryftallognh 
phy,. which  he  ftates  to.be  a  fupp^ment  to  Linnaeus ;  and, by  the  affiftance  of  a  very  few 
friend^,  Ije  was  enabled  to  Uicreafe  the  i^ttnd>er  of  cryftals  in  a  degree  to  aflume  die  appeal^ 
ance  of  a  fyftem.  He  told  mc  ttiat.  the  accuracy  of  his  meafuiwiqient  of  angles  ^  minute 
^ylUIs  was  the  apquuK^aeijil;  of  great  pra£3biQe;  but  that  till  Count  De  Bounion,  after  a 
fhort  praflice,  attained  equal  corre&n^  aii4  9ffiir4ed|um  ^ffiftance,  which  ho  aclmowledg^ 
in  his  fecond  edition,  to  have  received^  particubrly  \^  the  diicQvcry  of  cryftals  in  Dauphin6» 
Auvergne,  Franche-Cpmte,  &c.        •  ,.  ^ 

^  The  Abbe  Hauy,  an  accurate- and  pati^it  cbfervcr,  and  a  good  mathematician,  confideidl 
cryftalk^raphy  as  founded  on  certain  laws,  reducible  to  demonftratioti  by  calculation.  In 
t^  beginning,  the  differences  of  Qourguet  aiid  CapeUer  were  not  more  pointed  than  thofe  of 
Rome  de  Llfle,  and  the  Abbe  Hauy  ^  but  the  progrefs  of  oUervation  and  calculation  having 
'  demonftrated  their  mutual  utility,  the  obferver  and  meafurer  of  cryftals  will  now  reft  fitisfied 
o^j  when  calculation  confirms  actual  meafurement.  To  the  Abbe  Hauy  it  aUb  dpe  a  late 
fcheme  to  fimplify  calculation,  by  exprefling,  according  to  algebraical  formulxr,  the  difieicnt 
laws  which  determme  the  mod^cation  of  cryftals.  So  far  as  dief  are  the  lefidt  of  cakula* 
tion  and  meafurement,  we  may  admit  the  laws  of  calculation  ^  for  whenever  the  fupeipofithn^ 
or  fubtra&ion,  of  fimple  or  compound  molecules,  on  a  nucleus,  fliall,  by  calculation,  give  a  ft* 
ries  of  planes  and  angles,  which  correfponds  exa&ly  to  the  angles  and  planes  meafbicA  oa 
natural  cryftals,  it  will  amount  to  no  more  nor  lefs  dian  a  demonftration  of  die  role  or  aN 
'Itaflgement  of  eledive  attra£Uon  by  figures. 

,    Thefe  laws  may  be  reduced  to  fimple  pradice ;  for  inftance,  the  Abbe  Hauy»  by  meafurhig 
Ac  rhombic  plane  of  corundumj  found  its  two  diagonals  to  be  aei  two  to  tlim;  which  givcf 
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•  to  ttt  aeute  angle  8i^  47'  lo'^  and  to  its  obtufe  angle  98^  la'  ^o"\  the  fame  as  martnl  vi^ 
'triol*.  The  fonns  of  fragments  in  corundum  are  all  acute  riiomtxuds/  The  cofine  of  die 
litde  angle  in  corundum  is  6ne-feventh  of  die  radius;  but  in  calcareous  fpar^  die  oofine  m 
oh6-fi£di  of  die  radio0cr  in  fchorl  two-fifths  of  dhe  radius  i  in  the  garnet  o^^ 
cryftaky  one^feventecmh.  Thus  the  application  of  general  laws,  lo  afceitaki'Oonftant  tJia« 
ra£ter,  after  they  (hall  haTCi'been  fully  Terified,  may  be  very  fimple  and  general.  It  ^jkrill  Mt 
require  perfed:  cryftals;  for  wheti  oryftals  feparate  into  laminse,  which  liibdiiid^  inQo  ir^g- 
mentSf  and  ihew  the  form  or  arrangemeiit  of  their  molecules,  it  is  eaf|r»  ftom  ftich  freg« 
mentSi  to  conneA  them  with  dieir  primidve  cxyftal,  and,  confequAidyi  widi  dieir  cbft.  t^ 
will  be  a  great  ftep,  to  obtain  one  regular  and  permanent  extentid  chaniAcr>— Attention  fo 
other  chara£^ers  will  be  neceflary,  to  afcertain  the  nature  oJF  the  fubftaneei  imd'other  ei« 
temal  characters}  fuch  as  irregular  fradute,  colour,  &:c*  muft  be  reforfeed  tD,^i<hen  no  per- 
manent charaders  exifls  but  from  their  nature  they  are  falliUei  andyUi  fif£l;,^aie  fddotti 
concluCve*  •■  •;••*' 

The  piogrefs  of  cryftallography  appearing,  to  me,  of  confaqtiemte^otiie  paogreft  of  idU 
neralogy,  induced  me  to  dcfire  the  Count  de  Boumon,  above  mendoned,  one  of  the  honour 
aUe  viffims  to  his  allegiance  to  his  kmg,  to  defcribe  fuch  cryftab,  in  sfy  colldfUon,  as  (hewed 
the  different  known  modificadons  of  corundum;  which  will  devdope^the  dieory  of  cryftaU 
lization,  ib  far  as  is  confident  with  the  avowed  objeA  of  this  papers  '  The  fiibjeft,  I  believe, 
has  not  hitherto  been  fubmitted  to  the  confideradon  of  this  fociety.  The  tranflation  of  thfb 
-CoontdeBoumon's  defcripdon  has  been  carefully  made^  to  ^teferve  its  deamefs ;  and,  I  hope, 
at  Hill  be  favourably  received  by  the  Society,  and  make  fom<e  amends  for<my  tedious  intro- 
duAion.  After  it,  I  have  added  a  table,  connefbing  in  one  view  the  -ipedfic  gravities  of  eo^ 
rundum,  Jkc  herein  mendoned,  with  thofe  given  by  other  authors. 

^n  Analytical  Defcriftion  ^  the  Crjjlairme  Forme  of  Corundum^  from  the  Eaft^IndUs^  andfrofh 

China.     By  the  Count  De  BourNON. 

THE moft 4ifual  form  of  conmdum  is  a  regular  hixaedral  prifin  (Plate  XXIV.  Kg.  i.)  i  in 
general,  the  furface  of  the  cryftal  is  rough,  with  litde  luftre,  owing  to  unfavourable  circum« 
fiances,  under  which  it  is«cryftallized. 

The  cryftalsr  of  corundum,  hitherto  found,  were  not  formed  in  cavadcs^  where  each  cryftal 
.being  infuUted,  its  fiurface  could  preferve  that  fmoothnefs,  and  natural  brilliancy,  which  are 
^onunon  to  all  ;(ttbftances  that  fredy  aflimie  a  cryftalline  form.  Like  the  cryftals  of  fddfpar 
."^hich  we  meet  widi  in  the  porphyroid  granites,  the  corundum  cryftab  have  been  envdop^ 
pX  ^  dme  of  their  cryftallizadon,  by  the  fubftance  of  the  rock,  which  was  forming  at  die 
fame  tin;ie  with  themfdves,  in  an  imperfeA  and  confufed  cryftalline  mafs ;  and  the  corunduip 
cryftal,  before  it  had  acquired  its  perfeA  folidity,  neccfli^ily  received  on  its  fiirface  the  ixor 

■  ■  ■  •  ■ 

*  This  refolt  is'txtraClied  from  the  Journal  de  I'hyfique ;  but  it  appears,  from  the  Journal  des  Mines,  No.  aS, 
^t  the  Abh^  Hauylia^  Atttc  rectified  thii  meafurei  and  givtn  16^  si'  for  the  acute  angle)  and  93^  ^4^  ^^ 
the  obtufe  anglc-^G. 

preiEoB 
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yreflkm  ^  dbe  diffnmfc  paniclei  of  ^  ifock  whicli  enveloped  thei(^ :  tlus  n^^r^^ j  ren4er( 
the  ftirface  rough  and  dull.  Cryftab  of  feld-fpar,  formed  in  the  granitic  porphynnd  rocki. 
exhibit  the  Came  kind  of  appemna&ce,  from  the  lame  oaufe. 

The  coruiMM>ia  cryftab  are^  in  gei^er^If  opaque,  or  at  leaft  they  have  only  an  ii|iperfe£): 
trafifparency  at  ^  9dge«:  when  broken  into  thin  fragment^^  the  pieces  are  fenuTtranf- 
fareati  when  held  between  the  eye  andthelij^t,  and  examined  ^id^  ^  po^effuj  lefif»]t  wUf 
be  perceived  that  their  interior  texture  is  rendered  dull,  by  an  infinite  number  of  fmsdl  f^ypk 
^n^iag  each  other,  much  refembling  the  meduU^  p^rt  qf  wpod^  w^en  it  is  yiewoi  in  the 
fame  manner.  The  di^ce  of  tran^arency  of  the  fxpall  int^erftiipjcs,  yr]^ch  are  )fttwem  ihefe 
flawflb  is  further  evidence  that  this  tej^tiwe  of  (mail  flaws  occafions  opacity,  yr\^  ^uranen^ 
in  proportioB  to  die  idhickneis  of  the  fragments. 

This  kind  of  iiMcnal  ftrudwe  ha^  alip  a  very  ftnQS^  ?9aJc|gy  with  li^p  ^f  £4dr%r  m 
Crawle  and  f«vhyry.  The  eadgiymir  to  \^  thieie  qryftab  in  ^  dirp£Uoi;^  <^i^  p< 
dkmltr,  or  fiaraUel  to  tfadr  axes,  laeot^  with  a  v^  confi^erab^e  refift^ce:  jtbt^^^,  ^ 
deed,  be  iMr^km  in^Me^ircdJpns;  boitthe  r^gge^  ^nd^irv^gular  (iu||^ce  cf  ,the  t^k^l^^ 
deafllirfHmiies  thatldbe  dve^w  ^  whiph  the  oyflaUine  hininx  ^ebeen  ^ej^t^^^one  up(^ 
another  has  not  been  followed. 

!rbe;rc;gidv  hexaqdial  fnfin  ^  ^hMSbrOiyllMft^c^pnot  there(lprve  .^  cpnfidipred.i^  the  (fnm 
nfithr  nmleus  ^  fibe  cqrftgl  ^  ^^x4m  mnfHPWil^>j^jV>trthe 
Aii'fiMattee. 

Jf,  in  Qidor  *io  ^ifilflmr  the  ,dii^SJ|w  ((|f  {he  4p^rftaUif|e,]fui^  .a  i^riety.^f.iprjfflids  ^ 
tsamiiMd^  iSme  wiill  Jiaidl^r  M  •«>'beii9qt^^^rM^  whie^  qn  ,tfa^;(blid  9^1^  li^l^^ 
the  junObn  of  the.ad^  ofttfie  jNJ^  l«ri|h^  jpb|i^^  .qf  ,thc.ijf^^  iini^ 

ifidbdos  tnangtoi.    Xbife  -^ice  ,£miimes  jpfc^it^  jiRd  i^^rn^^^nyis  .fin^^  si^ ;%)!  f^ 
angles,  jof  £1  al^  34"^  widi  th(6  «i«fC||ie  jplsmssrof  .thftsq[£^    Tflbijy  W*  »P  fiHP«  fflft»ir!i!» 
«di£u:oi^f  cthetiiyiUk.biitimft  fregfi^Bfitly  U>qrrqri4i^yi:)i;e.t|;e,e^ 
oD^^bpart    SElie  imoechnffii  «nd  biiHiaRi^  of  ,ifaeie  ii^^  ||ifq^  ip:|^  Ifimc  caCb,  .jO|^ 
•lOitt  a^Mie JMirheen  ^ItfiieM.lp  tiKiO^^ti^  i|tJ(s»,ip^, 

4aBch  left  dififiiltrtp  fi9isi:alea  pi^rtion  pf  .^^cryQ^  at  tlw^.ai^gi^^.thaii  at  j^y  o^ 
jporti  and  vk  fiailowii^  ^  oa^ir^  iikv^96f^  oi^iy^fyw^^^  z}Sf^jg9Si£DCtj^ 
tatt  .the  erftsSmi  Uami^x  nuiy  .i^  4ej;%cb^,  «id  prqgr^n^ly  J^iiiq;^  t^  ^e  f £ , 


.Thiscopemtiifit  bancvtrt  «»npot  be  499e  mdifiriinu^^   pn.^all  the  ;jlibjyi4^9|P|^  jef 

fftiie^crfftaiSylbiit  t^olyitm  rlhe  alMroitc  ones,  ^t  )he  (;vne,  q^eo^^,  and  in  a.cpntmy  ^&^ 

tion  to  each  other.    As  to  the  other  angles,  they  may  be  broken,  but  it  is  imp^ble  to  jA;** 

itmkAxmu  Whea^  ii^Und;^  the  Mid  Migles  of]  ^  bquipdrol  pn£m,  imall  tris^i^gubr.planes 

flBDe:inetSKiAj(vlMii,jfrQqucaHlf  happe^^  w:heth^  ipipf<!^,  by  .viqteice  or  otherwiie)j  they 

are  always  placed  in  the  direAion  above  mentioned.    If  by  following  this  indication  of  na» 

^tuit,-we  continue  ^  detach  the  cryftaOine  laminae,  we  ihall  at  laft  canfe  the  form  of  the 

iiiexaedral  prifin  to  difappear  totally,  and  in  place  of  it,  a  rhombpidal  parallelopiped  will  be 

obtained  (£^.  a.),  of  which  the  phne  angles  at  the  rhombs  will  be  86^  and  94^}  the  folid 

VojuII.«-MiRCH  1799.  4  A  angles 
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angles  at  the  fummtt  *  ^11  meafure  84^  31' ;  and  that  taken  ^t  the  reumon  of  diebafis  w3 
be  95®  ip'.*    •     •  -  * 

We  can  fplit  this  parallelepiped  only  in  a  direftion  parallel  to  its  faces ;  it  will  ftill  coo- 
fequently  preferve  the  fame  form,  which  is  that  of  the  nucleus  of  this  fubftanoe,  and  its 
primitive  form.  It-  is,  therefore,  by  a  modification  of  the-rhomboida^-parallelopiped 
*(fig.  2.)  that  nature  has  formed  the  regular  hexaedral  prifin  (fig.  i.)  which  dus  fubftaace 
prefents.  ... 

For  if  we  conceive  that  in  any  period  whatever  of  the  increafc  of  the  rhomboidaf 
parallelopiped,  a  feries  of  laminx,  or  cryftalline  plates,  has  been  depofited  on  all  the  fid^  of 
ihe  paralleldpiped  ;•  aYid  that  thefe  lamina?  have  all  undergone  a  progrcflivc  decreafe  <rf  one 
row  of  cryftalline  molecules,  at  the  acute  angle  which  tends  to  form  the  fummit;  and  alfo 
along  the  fides  of  the  oppofite  acute  angle  (fig.  3.  and  4.);  there  will  neceflarily  refult  from 
the- continuation  of  this  fuperpofition,  to  a  certain  period,  an  hexaedral  .prifins  terminated 
"by  two  triedral  pyramids,  placed  in  a  contrary  dijreftion ;  and  their  planes,  or  faces,  which 
'form  a  folid  angle,  of  147®  26',  with  the  fides  of  the  priCn,  will  be  either  pentagonal 
"(fig.  3.)  or  triangulat^  (fig.  4.).  They  will  alfo  have,  in  place  of  a  fumtnit,  an  equilateral 
triangular  plane,  -fometimes  greater  and  fometimes  fmaller.    •  ; 

'  If  the  fuperpofition  continues,  the  equilateral  triangular  plane,  on  the  fummit,  will  ber 
come  nonagbftili  mAt  there  will  remain  no  other  traces  of.  the  j)rimirive  planes  of  jiKc 
rhomboidal  parallelopiped  than  (mall  ifofceles  triangular  planes  (fig.  5.) :  if  ljte4ttp«rpofitioii 
ftill  continues,  until  the  laft  cryftalline  lamina  is  reduced  to  a  fingle  molecule,^  or  point, 
no  appearance  of  the  rhomboidal  parallelopiped  will  then  remain ;  and  the  cryftal  refulting 
from  this  operation  of  nature  will  be  a  regular  hexaedral  prifm  {fig.  1.).     ■  - 

In  the  fame  manner j  viz.  by  a  decreafe  on  the  lower  edges  of  the  laminae,  the  priimtivc 
^rhomboidal  parallelopiped  of  calcareous  fpar  pafles  to  a  regular  hexaedral  prifm  of  that  fub- 
Itance,  though  more  frequently  it  does  fo  by  a  decreafe  on  the  lower  angles  of  the  laminae 
When  the  laminae  of  the  corundum  cryftal  have,  during  their  fuperpofition  on  the  planes 
%i  the  primhive  rhomboidal  parallelopiped,  experienced  a  progreflive  decreafe  at  one  of  their 
^cUte  angles,  and  along  the  fides  of  the  odier,  at  the  fame  time,  and  in  the  £ane  proportion^ 
'it  is  eafy  to  conceive  that  the  height  of  the  hexaedral  prifm  muft  be  the  faaie  as  that  of  the 
^rhoiflboidal  parallelopiped,  upon  which  -it  has  been  formed.  The  ^height  B  C  (fig«:i*) 
muft  therefore  bear  the  fame  proportion  to  the  line  A  B,  drawn  through  the  middle  of 
the  two  oppofite  fides  of  the  planes,  on  the  extremities,  as  the  whole  height  E^F  o£  the 
rhomboidal  paralleloinped  (fig.  2.)  bears  to  the  ftnall  diagonal  G  H,  from  one  of  <  the  rhombs^ 
"Ait  is,  nearly  as  6, 45  :  5. 

But' although  this  exaft  proportion  appears  in  a  very  great  number  of  corundum  cryf^ 

tab,  yet  we  meet  with  fome,  whofe  lengths  are  more  or  lefs  confiderable  j.  aad  this  is  owing 

k    »  •  «.     % 

*  For  greater  ckanscfs,  this  rhomboidal  paralielojMped  may  be  confidered  as  beiog  formed  by  the  jun£liom 

©f  two  triedral  pyramids,  bafe  to  bafe  j  and  the  two  foiid  angles  (each  of  which  is  formed  by  the  re- 
union of  three  of  the  acme  angle$  on  the  pI..ne$.of  the  rhomb)  will  then,  be  conCdcced  as  the  fummltsof  thefe 
pyramids.  "  -  ...» 
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flo  different  circumftanccs,  which  have  exifted  at  die  time  of  their  cryftalUzatlon.  We  may 
conceive,  for  inftance,  that  if  before  the  progrcflive  decreafe  of  the  cryftalline  laminse^ 
in  the  manner  above  mentioned,  the  increafe  of  the  rhomboidal  parallelopiped  had  taken 
place,  by  a  fuperpoTition  of  laminx,  in  which  the  rows  of  cryftalline  molecules  experienced 
a  pFOgrefSve  decreafe  along  the  edges  of  the  acute  angle  of  the  bafe  only  (fig.  6.);  and  tliat 
(the  fides  of  the  prifm  having  already  acquired  a  certain  length)  the  fucceeding  cryftalline 
laminse.  had  experienced  a  decreafe  at  the  acute  angle  of  the  fummit,  the  fame  regular 
hexaedral  prifm  would  have  refulted  from  this  procefs ;  but  the  proportion  between  the 
height,  and  the  line  drawn  from  tw'o  of  the  oppofite  fides  of  the  planes,  on  the  extremities, 
would  have  been  much  greater  than  that  of  6,45 :  5,  and  confequently  this  prifm  would 
have  been  longer  than  that  of  the  rhomboidal  parallelopiped,  which  ferved  as  its  nucleus. 
.  On  the  other  hand,  if  the  increafe  of  the  rhomboidal  parallelopiped  had  taken  place,  by  a 
fuperpofition  of  cryftalline  laminae,  decreafing  at  the  acute  angle  of  the  fummit,  and  fomc 
time  after  decreafing  alfo  along  the  fides  of  the  acute  angle  of  the  bafe  (fig.  7.),  the  regular 
hexaedral  prifm  refulting  from  this  procefs,  would  hare  been  fhorter,*  in  proportion  to  the 
duration  of  the  mode  of  decreafe  in  the  cryftalline  laminse,  which  were  firft  depbfitcd;  TTicrc 
are  fome  of  the  hexaedral  prifms,  in  corundum' cry ftals,  which  are  fo  fhort,  that  they  appear 
no  jmore  than  fegments.  Calcareous  fpar  ofiers  the  fame  phenomenon ;  as  do  likewife  all 
the  fubftances  in  which  the  hexaedral  prifm  has  any  analogy  of  formation,  with  that  which  we 
have  here  defcribed.  • 

It  happens  frequently,  when  the  fuperpofition  of  the  cryftalline  laminae  does  not  go  on 
equally  on  all  the  faces  of  the  rhomboidal  parallelopiped,  that  one  or  two  only  of  the  folid 
angles  of  the  hexaedral  prifm,  taken  alternately,  ftill  fhew,  by  fmall  ifofceles  triangular 
planes,  fome  remains  of  the  faces  of  the  parallelopiped,  while  the  others^  do  hot  fhew  any 
at  all. 

Mr.  Greville,  in  his  coUeflion  of  this  fubftance,  has  a  cryftal  of  corundum,  upon  one 

:JaAt  of  which  only  two  of  the  planes  of  the  rhomb  have  experienced  an  equal  and  pqrfe A 

fuperpofition,  while  there  has  been  but  a  very  fmall  number  of  cryftalline  laminx  depofitjcd  on 

-.  die. third  plane.     Confequently  this  cryftal  prefents  a  regular  hexaedral  prifjm,  one  of  nfhofe 

folid  angles  is  fo  much  tnmcated,  that  the  half  of  the  plane  of  the.  end  of  the  hexaedral 

;  prifxns  difappears  (fig.  8.)^  and  this  cut,  or  fedion,  forjns  an  angle  of  122^  34'  witli  the 

plane  on  the  extremity. 

.    It  i^  unneceflary  to  obferve,  that  the  regularity  of  the  hexaedral  prifm  depends  on. that  of 
the  rhomboidal  parallelopiped,  on  which  it  it  formed. 
.   :    When,'  by  detaching*  the  laminae  from  the  alternate  folid  angles  of  the  regular  hexaedral 
.    prifm,  the  planes  refulting  from  this  operation  begin  to  run  into  one  anotlier  ',  and  the  cryftal 
'    begins  to  afliune  the  form  of  the  rhomboidal  parallelopip(^,  to  which  it  owes  its  origin ;  we 
.    frequently  fee  the  furface  of  tliefe  new  planes  divided  inta  an  immenfe  number  of  fmall 
rhombs,  formed  thereon  by  the  interfedUon  of  lines,  that  are  parallel  to  the  fides,  which  be- 
long to  the  rhomboidal  form  of  the  new  faces  (fig.  9.).   . 

Thefe  lines  are  owing  to  the  extrernities  of  the  laminae,  which  have  been  depofited  on  tlie 

inlerior  facesi  conefponding  with  thofe  on  which  we  obferve  them^  and  they  ferye  to^cor-* 

*'  '4A2  roborate 
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loborate  dill  further,  the  demonftntion  we  hare  given  of  the  fonnatUm  of  diefogifanrlMiaOii 
ibral  prifin  in  this  fubftance. 

(To  be  concluded  in  our  next.) 
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SIR, 


IV. 

On  Vaier'Vjteds* 

ToMr/NICHOLSON. 


OUR  ittendon  to  the  inquiries'lent  laft  tnonthi  induces  me  to  tranfbit  die  annexed 
•(Aiper  fofyobr  confideration. 

Tbor 'opifuon  that  a  float<4)CiaRl-wheei  is  preferable  to  a  bucketi  s^ees  with  diat  of  an  ex« 
^eilelicfal  ftttU-Wi^ht. 

^  iliopejthrdsghdte  ittediam  of.  your  raluable:  Journal,- the  (ubje£k  mil  receive  furdier  di& 
'cnffibn  fits  die  ground  on  which  the  preference  is.  given  is  notobvious. 
'  ItNirffl^'no  dchibt,^  be  agreesMe  to  you  to  learn»  that  the  Xphero  of  your  Journal's  ufeful  com* 
muiucadon  is  extended  to  the  northern  verge  of  Ireland i  and  that,  amidft  the  tumultof^po- 
^Ktical  ilrife,  the  aits  of  peatei  and  die  interefts  of  fdence,  are  not  yet  fcffgotten* 

Lam,  yourohi^ged  tcaderi 

On  WaUr^iwheeU. 

IIIE  efi<^  of  w^ter-wheds,  ^Itifing'fkV^  gnhrteling'powierbf  the-WMerv  tor  idlaao 
a^  wiicTy  feems  die  pbint  tieceflSury  to  beitfeAded  to,  in*die  ceklftni£tioa  of  tho^whecL 

The  Form  of  die  bucket-whieel  feemi  Ueil:  adapted  todii^  end  ;•  Tet'iii  ftuMHH^  iWiicreNlic 
fair  is  not  cpnQderiable,  a  prtferenceis  ^veii  taik)at4>oard*irh^ls« 

why  is'this'  prdTefence  given  to  floxt4ioard«»wheels  PSuppofe  a  ftruifcn  liiddi>im  iMIk  of 
fix  feet,  and  a  fupply  which  renders  it  equal  to  the  power  of  fix  horfes: 

Allow^is  power  to belid^'quateto  raxfe  t given  weight,* one f dot h)gh|  Abty^tkiei in  a 
minute. 

Tt  is  convenient  to  Kave  a  W^tet-Whed  of  ten  feet  diameter.  A  buekefriWhael  i^vahde  of  a 
*^SiridtK  adequate  to  the  fupply  of  ^ter.  Will  this  wheel  be  lefs  competent  to' dM^worbtiiafi 
a  faVge  float-board-wBed  ?  If  f<l||  to  what  \s  the  lofs  df  poWcrih  difefmally  ol^die  gain  of  power 
in  die  large,  wheel  owing? 

WITHOUT  entering  minutely  at  pitrent  into'  the  fubjeft  here  bffered  for  confideration, 
Wiich  I  leave  to  my  other  cori-efpohdcnts,  t  fliall  only  remark,  thaf  the  preference  fecms  to 
have  bcen'given  to  the  clofe  breaft^heel^  for  dreams  afibrding  confidetable  quiintitics  of 

water 
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#ater  with  a  tow  fall,  for  the  following  reafons :  i.  The  load  upon  the  bucket-wheel  pro- 
duces  more  fri£lion,  on  the  extremities  of  the  axis,  than  is  produced  in  the  breaft- 
wbecl  by  the  wateri  4uring  its  paflage  down  the  channel.  That  this  reafoning  is  good^ 
may  be  ftiewn  by  a  very  familiar  experiment.  Let  any  wheel  be  made  to  reft  on  its 
pivots^  and  then  turned  round ;  it  will  gradually  lofe  its  velocity,  by  the  fri£tion,  to'  % 
certain  point,  when  it  will  ftop  all  at  once»  The  fuddennefs  of  this  ftop  will  indi'cate 
Cfae  magnitude  of  the  fridlion.  If  this  be  fmall,  the  velocity  will  much  more  gradually 
decay  than  in  the  contrary  cafe.  On  the  other  hand,  to  (hew  ihe  fri^ion  at  the  fitf^- 
face  <tf  a  fluid,  iet  a  bowl  be  filled  with  water,  and  the,  fluid  be.ftirred^  fo  as  to  give 
it  an  honxontal  motion ;  it  will  be  fpu^nd^  that  this  large  and, heavy ^mafs,  bearing  on 
a  fur£M:efo  very  onuch  exceeding  that  of  t;he  pivots  of  ttie  w;hefl,  udU  turn  round^fjgir 
a  confiderable  time,  and  lofe  its  motion,  by  very  ^pe^ceptil>k  jpradation^  i^^i^hcncc  it  will 
fcdlow,-  that  the  friflion  is  much  leis.  2.  In  the  ^fual  conftni&ion  of,  overibat-wheelSft 
part  of  the  fall  is  loft,  in  idelivering.  the  ..water,  »at  a  certayi  4i4^u^,  b^fr  the  vott^ 
and  part  of  -its  adiion  is  loft,  by  its  running  out  of  jthq  buck^^  before  it,  Ijaa  aniv^^  j^t 
the  loweft  point  of  the  revolution.  .3*  It^is  .a^gexM^iid  np(ti(m»j(t^^j^uge  ^w^Cf|8  go 
ileadier,  from  their  operating  in  .the. manner.. of  a  fly,  by  l^^ins  of  th^  iner|ia| ^ipkl 
wheels*  have  been  a&ually  conftru^M  of  iron,  jvith.a^id^  tq.this  ^%£L  -.Th^J^OLft- 
wheel  is  always  larger  than  'the  oycifhotiiWheeU  ..under,;]tjU|^e  .(cir<g||iyiftanccai  and^,it  .^xo^ 
be  conftm^led,  under  ceruin  Jimitat^pns^  of  .as  laigc  ^i.&^t  ^  tjic^  qjggiyyr^^^^  think 
fit.  4.  It  is  true,  that  a  breaft-wheel, .  of  any  fize,, might  b^  ppnv^rtfd  mto  a-  bucket- 
whed,.  and  carry  down  the  water  in  ita  buckets,  inftead,of.,its..hgogfu||§^r^,  to  iU^ 
down  the  ufual  channel.  But,  when  we  imagine  this  convfirfioq  to  ..take^fla^^  we  fee, 
at  once,  that  the  a£lion  would  be  lefs*>fteadyf  firoin  :tfae  fucoeffive  filling,  of  .the^buckets, 
and  that  the  lower  portion  of  thci  Igaded  periphery  would  .dUcharge.jfome  pf  ,its 
contents  much  eadier  than  the  poifit  at  tf^h  the  hxeaftrwatCXii^ram. would  ^ve^ceaied 
to  a£t. 

The  numerical  computation  of  the  diflerence  of  efleft  bet\iireen.  o^^.wJm^  ^^ld.|^ 
^er,  accot^ng  to  the. dimenfions.  given  in  the  jnticDt  cpn^iyuigatioii^  snaj; J>e  m^ 
from  the  data  at  page  466  of  our  piefimt  volume.  Jt  is  :.thqre.dj:4^<^  .^^.5P^ 
horfc  win  raife  two  hogfheads  and  a  half  of  water,,  ten  icet  high,  )xk  a  ipinute}  andtl^a 
cfied^i  from  the  note  at  page  465,  wo^ld  require  the  fall  of  twice  diat  quantity  of  water» 
as  a  power  to  overcome  fri&ion,  and  produce  velocity  of  working.  The  ftream  men- 
^tioned  by  my  correfpondent  muft,  therefore,  aflbrd  415  cubic  feet  of  w^ter, jer.  Sttdotfj 
with  a  fall  of  6  feet,  if  it  be  equal  in  power  to-  fix  borfes» 

If  certain  dimenfions  be  afTumed  for  the  buckets  of  the  overihot-wheel^  and  an 
crfinary  breaft-wheel  be  compared  with  it,  the  quantity  and  fall  of-  the  wate^  4ilefcftly 
expended  on  the  former,  will  flicw  the  difference  of  cffeA. 
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0«  tie  Glajs  Trundles  ef  Citizen  RenauT;    and  the  Duration  of  the  Teeth  rf  MUl-wark,- 

By  C.  B. 

To  Mr.  NICHOLSON. 
SIR, 

T  .  :. 

i  OBSERVE  in  ycur  Journal  for  January  laft,  an  account  of  Citizen  Molard's  having  fubfti- 
tuted  glafs  in  the  place  of  iron  for  the  trundles  of  lantern  pinions^  which  he  ftates  to  be  much 
preferable  to  the  latter ;  as  he  fays,  caft-iron  wears  out  the  wooden  teeth  they  z(k  againft  in 
about  four  months ;  whereas,  the  glafs,  in  the  experiment  he  made,  wore  the  woodeii 
teeth  about  one-twelfth  of  an  inch  only  in  eighteen  months. 

The  life  of  glafs,  in  the  trundles  of  lantern  pinions,  is  liable  to  many  obje£Hons  ; 
•experience,  however,  may  point  out  methods  of  obviating  many  of  thefe :  but  I  think 
it  right  to  mention,  that  Citizen  Molard  is  extremely  wrong,  when  he  fays,  caft-iron 
wears  out  the  wooden  teeth  in  four  months;  if  it  docs  fo  in  France,  it  is  otherwife  is 
this  country:  I  have  had  a  mill  of  my  own  at  work  for  thefe  four  years,  in  whick 
wooden  teeth  aA  againft  iron,  and  I  have  never  been  obliged  to  get  fo  much  a^  a 
new  tooth.  Some  months  fince'I  £iw'a  (learn  engine,  at  MciT.  Fifli  and  Yates',  in 
St.  John^^reety  which  tarns  macUnery  for  his  grinding  of  fiiuff  and  cutting  tobacco. 
This  machine  was  erected  by  Mr.  Rennie,  engineer  of  this  city,  in  the  year  1786^ 
tad  has  been  conftantly  at  work  for  about  fifteen  hours  per  day  ever  fince  \  yet  the 
wooden  teeth,  in  the  firft  motion,  which  zQl  on  caft-iron,  had  not  worn  above  one-fixthof 
an  inch ;  and  the  iron  teeth  did  not  feem  to  be  worn  ^^  part  of  an  inch :  and  from 
every  appearance,  they  will  work  without  repair  for  ten  or  twelve  years  to  come;  sis 
the  woikmen  told  me,  that  they  had  not,  apparently,  worn  any  thing  for  tliwfe  fix  years 
pad.  They  appeared  to  be  very  well  executed;  but  not  better  than  Mr.  Rennie  ge- 
jierally  does  fuch  work. 

By  publifliing  the  above,  you  may,  perhaps,  prevent   an  ill-founded  prejudice  from 
*t>eing  taken  againft  the  ufe  of  caft-iron,  in  mill-work;  which,  from  experience,  I  can 
£iy,  is  the  beft  material  I  have  known  to  be  ufed.  -: .  h    . 

I  ain.  Sir, 

Your  moft  humble  icrvant, 
Feb.  4tb,  *»799.  C.  B. 


I  have  vifited  the  manufa£);ory  of  MeflT.  Fifli  and  Yates',  and  find  that  the  ftatement 
given  above  is  perfeftly  correft.  It  may  be  prefumed,  that  the  iron  trundles,  men- 
tioned by  Citizen  Renaut,  at  page  522,  were  either  ill  finiflied,  or  rough  from  the  forge  ; 
and,  at  all  events,  it  appears,  that  they  ought  not  to  afibrd  ground  for  any  prejudice 
againft  good  work  in  the  ufual  materials. 

W.N. 
nO 
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On  Dr.  Parr't  Theory  of  Light  and  Heat.     By  a  Correfpondenti 

To  Ma.  NICHOLSON. 


■A 


SIR, 


.CCIDENT  prevented  my  feeing,  for  fome  time,  your  Journal,  publifhed  In  December 
laft;  and  I  now  take  the  liberty  qf  making  a  few  obfervations  on  fome  remarks  of  your  corres- 
pondent, refpefting  Dr.  Parr's  theory  of  light  and  heat*.  He  obferves,  "  with  refpeft  to  Dr. 
Parr's  theory,  that  light  and  fire  repel  each  other,  when  difengaged  from  matter,  it  appears 
to  me  too  fanciful  to  be  folid,  and  too  inconfiftent  to  be  fupported,"  &c. — I  do  not  quote  the 
whole  pafTage,  becaufe  I  mean  not  to  commence  a  controverfy  upon  th£  fubjed,  as  from  the 
obfcrvation  juft  tranfcribed,  as  well  as  from  what  follows,  it  is  evident  that  your  correfpondent 
has  fcen  only  the  quotation  in  Dr.  Pearfon's  paper ;  and  as  the  eflay  Wti$  publifhed  before 
the  appearance  of  your  Journal,  I  requeft  only  room  for  a  ihort  anaiyfis  of  the  theory,  that 
it  may  not  be,  as  I  fufpc£l  it  has  been  in  the  pafTage  before  me,  mifunderflood*  I  fhall  take 
up  a  little  fpace  only  in  your  valuable  publication^  but  you  will  allow  me  to  add,  that  M, 
Gadolin  has  fince  publifhed  an  opinion  not  very  diflFerent ;  and  that,  when  Count  Rumford 
fpeaks  of  changes  efFefted,  not  "  by  any  chemical  combination  of  the  matter  of  light  with 
fuch  bodies  (as  are  expofed  to  it),  but  merely  by  the  heat  which  is  generated  ot  excited  by  the 
light  which  is  abforbed  by  thetni^  he  in  reality  ufes  the  fame  language. 

Dr.  Parr  does  not  merely- aiTert  an  opinion,  but  fupports  his  hypothefis  by  numerous  and 
wcll-conne£led  fadls.  Light  he  confiders,  with  the  chemical  philofopher  of  tlie  prefent  day, 
as  a  fubflance  capable  of  combining  with  the  various  bodies  it  meets,  producing  by  that 
means  many  chemical  changes.  Among  thcfe,  he  traces  with  peculiar  care  its  influence 
upon  vegetation }  and  from  the  decompofition  of  watef^  aSbrded  in  the  leaves  of  vegetables, 
feemingly  by  its  power,  he  explains  the  great  variety  of  gafes  expired  by  plants  in  different 
Ctuations. 

As  light  thus  feparates  oxygen,  and  as  the  latter  probably  contains  heat  In  a  lefs  com- 
.  pounded  flate  than  any  other  fubflance,  he  fteps  over  the  next  difficulty,  and  fuppofes  that 
it  feparates  heat.  This  is  the  only  ftep  unfupported  by  inunedlate  fa£ls }  but  if  afTumed  for 
a  moment  as  an  hypothefis,  the  concurrence  of  numerous  other  fa£l&  will  raife  it  to  a  higher 
rank.  By  what  means  light  and  heat  are  brought  together  in  union,  when  they  are  ingre- 
dients in  inflammable  bodies,  he  pretends  not  to  explain ;  but  if  they  are  really  dlfl^erent  ele- 
ments, as  Is  now  generally  believed,  our  not  knowing  the  bond  of  union,  i&  no  proof  againfl 
its  exiftence.  In  the  examination  of  the  various  explofive  fubflances.  Dr.  Parr  traces  la 
.  each  the  fource  of  its  light  and  heat,  and  fhows  by  what  means  the  balance  fubfifling  be- 
tween thefe  a£live  ingredients  is  deflroyed,  fometimes  by  the  addition  of  the  one,  fometlmes 
by  that  of  the  other  principle*    There  are  various  explofive  fubflances  which  will  not  ex* 

*  ElTay  upon  l(ighc,  in  a  mifcellaneout  volume,  publifhed  by  a  fccitty  at  Exeter. 
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plode  without  light,  howerer  intenfe  the  heat,  mnd  vict  t¥i]^««— rThls  part  of  the  cflay^ 
where  he  examines  the  fource  of  light  in  the  compofition  of  the  body,  and  etplains  the 
different  modes  by  which  the  violent  feparadon  is  efieOed,  at  well  at  the  ^onfequences  of 
the  explofion,  appears  highly  ingenious. 

Such,  Sir,  b  the  outline  of  the  paper  wiuch  1  think  is  mifunderftood  and  mifreprefented 
ly  your  correfpondent.  The  different  parts  can  be  only  fairly  appreciated  by  an  examinar 
tioh  of  the  fa£ls*  This  h  a  bufineb  to  which  I  tanhot  now  attend,  and  which  if  not  fuited 
to  your  JoumaL    Your  giring  me  a  litde  room  for  this  analyfis  will  oblige,  Sir, 

Yours, 

A  CowsTAMt  RkiottR. 

SCIENTIFIC  NEWS  AND  :dCeeiUNTS  OF  BOOKS. 

(Cfont^YKd  ft£n  psgs  51)1  Vol-  "^O 

X  HE  fecond  fitting  was  held  6nldie  i il!h IfSrt^Efiilbi^  iit  tUftnth  iht  mornSnf,  ^'which 
Citizen  Andreofly  made  ^  f^pdrt  oh  the  ttih  ^etSan  prdpofed  hy  Bdonaptrte.  He  <A>- 
ferved,  in  the  firft  place,  £hat  iCgypt  'p&flbfle^  fib  Yidphur,  btft  formerly  importefl  k  fioih  Vt* 
nice.  Hie  charcoal  is  obtained  Ely  bcumiifg  die  ttiiHitein  a  trench,  thd  afterlriirfii  fiftfaig  it. 
The  faltpetre  is  nafive,  and  ts  evdi  tSA  ib  be  ^ftilfaH  %  Vdits  ffdr  ^nes)  rowid  Gsn<b.  It 
is  refined  in  the  fame  ihanner  as  (i^mtitbiSK])  1h  Sidfiipie.  It  is  a  <rtie  iiitfife  t>F  ^xittfli/atia 
not  of  Cme,  as  in  France.  The  boilifig'b  m^&e  widi  dte  IbBfis  tff  TtMey^hisat,  taH  it  is 
purified  widi  whit<^  'M  eggs.  The  ^npo^er  la  Mtde  by  ^nS^  ami  Ofe  lurotknieii  life 
naked.  Eaeh  ixiortar  contaih)i  fi^en  pOttildB,  Md  tHe  '^f^iicefs  lalb  Kvt^  ho^rs.  The 
peflJes  weigh  from  nineteen  to  twenty-five  paros.  A  finall  quantity  of  water  is  added,  -vtH 
die  gnmuladbh  is  petfofihed'%  ^  fie^e.  ^  tt^brtfr-affirfltt'diit 'A/zi/crtt^  is^  goody 
but  that  to  render  it  itiil  better  It  is  necaatyilldt  tEe  >rtt^^t»Hs  of  Fiance  ftould^e-fel- 
lowed.  Two  dibrfahd  caA^  (ircwf)  fdttiSiy' fiiiiJc^t^rb,  bf  wKch  ntedi  Vas  fiilt-to 
Leghorn.  The  beys  had  vei^  Uhle'pbWder.  Murat*B4yTjad  liomofc'Aan  1,560  atfttars. 
It  would  be  eify,  fays'the  repbrtti*,  to  augment  (Ms  fabtidatich,  iiid'^fttn  to  export -ki^e 
quantises  to  Europe. 

At  the  fahie  fitting,  the  cidzen  ^flf^fead  z'^ihtttiAr  6n' die' phenomenon,  called  bHfU^ge 
by  French  {eameuj  and  by  ours  i!NW»A;.  This  efieCl  of  tefraftionSvas  remai:kabff  fecit  %ry  die 
French,  in  the  courfe  of  dieir  iriairch  ^roXigh' the  defert.  VSlages  ftcn  at  a  ififtance  ap- 
peared elevated,  and  as  if  built  on  an  Iflaftd  in  die  middle  of  a  Me.  The  firrfacc  t)f-Hrfa 
apparent  water  Became  narrower  as '  th<Jy  appiroadicd,  xmtil  it  lAfigdi,  when  they  Nvttre  driy 
at  a  (mail  diftance,  it  difappcarcd  •,  but  the  fame  illufion  prefented  itfclf,  with  regard  to  the 
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next  remote  village.  The  author  afcribes  this  phenomenon  to  a  diminution  of  the  denfity 
of  the  lower  ftratum  of  the  atmofphere,  occafioned  by  evaporation  of  water  from  the  fands. 
It  is  impoflible  to  deduce  the  particulars  of  his  theory  from  the  mere  report ;  but  it  feema  ta 
be  nearly  the  fame  as  that  of  Mr.  Huddart*^ 

The  third Jitting  was  held  ou  the  i6th  Fru£lidor.  Bathollet  read  a  memoir  on  the  forma- 
tion of  ammoniac.  Citizen  Sulkowflty  read  a  defcription  of  the  route  from  Cairo  to  Salehia.. 
Egypt  has  hitherto  been  known  only  on  the  banks  of  the  Nile»  The  f  oad  followed  by  the 
French  army  in  purfuit  of  Ibrahim  Bey  was  entirely  unknown.  On  going  out  of  Cairo  by  the 
gate  of  Nafr,  you  enter  the  defert,  where  feveral  forfaken  houfes  were  oblerved.  The  village 
of  Elmaria,  on  this  road,  is  the  ancient  HeliopoHs.  In  another  village,  caQed  Elmaria,  there 
were  thoufands  of  palm-trees.  On  the  right  of  this  road,  there  are  nothing  but  deferts  of 
fand ;  but,  on  the  left,  are  many  cultivated  lands.  The  places  which  the  army  pafled  are 
Lacoubey,  Elhanea,  Ehnenb,  Belbeys^  Souva,  Coraim^  Salehia>  and  many  others,  which  it 
merely  pafled  through  in  hade. 

Citizen  Say  fpoke  of  the  methods  of  obtaining  better  means  of  grinding^  and  (hewed  that 
water-mills  ought  to  be  conilruAed. 

C.  Balholet  (q.  Berthollet  ?)  read  a  memoir,  in  which  he  examines  the  gun-powder  of  Caira. 
It  contains  only  five  parts  out  of  thirty-two  of  falt-petre  \  the  reft  is  fulphur,  charcoal,  earthy 
matter,  and  muriate  of  foda :  (o  that  the  ordy  means  of  rendering  it  ufefuly  is  ta  nvq/b  out  the  fab, 
and  nunmfaEhtre  it  a  fecond  time^ 

'  Citizen  Monge  read  a  memoir  on  the  antient  monimients  of  Cairo.  The  fafar,  in  the  ftreet 
which  leads  from  the  inftitute  to  die  caftle>  prefents  a  vafe  of  granite  with  hieroglyphic* 
within  and  without.  It  was  a  tomb^  and  refemUes  that  of  the  mofque  of  Alexandria. 
Citizen  Monge  propofes  that  it  be  removed  by  the  Inftitute,  in  order  to  convey  it  to  the 
ffiufeum  of  Prance.  Near  the  caftle,  after  having  pafled  the  palace  of  Jofeph,  there  is  the 
ceU  of  a  gate  with  hieroglyphics  well  preferved. 

The  fourth  fittings  21^  FrteBidor^  Citizen  Sulkowlky  read  a  memoir  on  a  bi^  of  Ifi6.  Say> 
another  on  die  materials  for  fuel  in  Egypt.  The  commifEon  for  grinding,  announced  their 
intention  of  ere£iing  a  wind-aiill»    Citizen  GeoSroy  read  a  memoir  on  the  oftrich. 

ne  fifth  fittings  26th  FruSidor.  The  commiffion  for  fuel,  reported  that  the  ftcms  of  car* 
thamus,  reeds,  and  ftraw,  may  be  ufed  for  heating  ovens,  at  lefs  charge  than  in  France. — 
Buonaparte  prefented  the  Connoijance  des  Temfs  for  the  year  VII,  and  invited  the  Inftitute  to- 
conqpofe  an  almanack.  A  commiffion  was  appointed  fo^  this.  obje£l»  conilfling  of  Monge 
Beauchamp,Nouette,  and  RaphaeL  It  was  at  the  fame  time  decreed,  that  the  three  following , 
ahnanacks  fliould  be  (united^  namely,  that  of  the  Copts,  the  MufTulmen,  and  the  Frendi* 
Citizen  Fourier  read  a  memoir  on  the  ibiudon  of  algebraic  equations*  Gtizen  Parceval,  a 
traniladon  of  a  fragment  of  Taflb.  Cidzen  Defgenettes  read  a  difiertadon  on  the  diarrhoea^ 
the  dyfentery,.  and  the  endemic  opthalmia,  which  are  more  peculiarly  the  diibiders  of  Egypt. 

*  Philofophical  Journal,  I.  X45.-— iTUs  curious  fubjcd^^  wkich  docs  Dot  yet  fccnv  to  be  adequately  ex- 
plained in  all  it»  particulars,  has  employed  the  meditations  of  various  obferversi  for  fome  of  which,  the  rea- 
der may  refer  to  the  authors  quoted  afpagc  4x8  of  our  prcfent  volumc^N. 
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Tlse  ftxihJiTtmg^  $n  the  firji  compUnuntary  day.  Citizen  Beaachamp  preicntcd  an  annuirr, 
ready  for  immediate  printing,  and  alfo  feveral  aftronomical  obferv-ations.  Citizen  Berthollet 
read  a  letter  from  Citizen  Laplace,  annoimcing  a  corre&ion  in  the  metre.  He  alfo  g^ve  an 
account  of  the  manufa&ure  of  indigo,  and  pointed  out  confiderable  improvements.  Citizen 
Fourier  communicated  a  proje£l  of  a  wind-mill,  to  water  lands. 

Sixth ftttingf  on  the  6tb  Fendtmaire,  year  VIL  Citizen  Pouflielque  prefented  a  iketch  of  a 
new  method  of 'analytically  demonftrating  geometrical  theorems,  by  Corancez  the  younger. 
Citizen  Norry  read  a  memoir  on  Pompey's  pillar.  Savigny  defcribed  a  new  fpccies  of 
nymphsea.  A  commiiBon  was  charged  with  the  eftablifliment  of  a  fchool  of  deGgn,  among 
whom  were  Redoute  and  Norry.  Citizen  Coftaz  read  a  memoir  on  the  colours  of  the  kdi^ 
and  Citizen  Farceval  another  tranflation  from  Taflb. 

Eighth Jftting,  Vendenuure^  year  VIL  Fifty  mummies  of  birds,  fent  to  the  Inftitute,  were 
delivered  for  examination  to  a  commiilion,  compofed  of  Buonaparte,  Geofiroy,  DolomieUf 
and  fome  others.  Porte,  a  native  of  France,  and  inhabitant  of  Cairo,  who  b  employed  on 
Indigo,  prefented  famples  to  the  Inftitute.  Citizen  Larrey  read  a  memoir  on  the  opthalmia. 
Citizen  Beauchamp  read  another  on  his  vopge  to  Trebifond.  He  indicates  the  longitude  of 
Ifpahan,  and  obferves,  that  the  longitude  of  Trebifond  is  37®  18'  5"  from  Paris,  and  not  43**, 
as  Bonne  affirms;  which  dedu£is  more  than  eighty  leagues  from  the  Black  Sea.  Citizen 
Delifle  read  a  memoir  on  the  palm-tree,  which  bears  the  fruit  called  domm.  It  is  the  caifio* 
phora  of  Theophraftus.  Citizen  Dolomieu  read  a  memoir  on  the  ftudy  of  ancient  and  mo» 
dern  geography.  He  fixes  the  poGtion  of  the  ancient  Alexandria  between  two  hills  of  cal- 
careous fand-ftone,  and  explained  the  fubfequent  changes.  He  thinks  the  fea  muft  have  rifen  a 
foot  (ince  the  time  of  the  Ptolemies.  Citizen  Norry  made  a  report  concerning  the  fchool  o£ 
defign ;  and  Citizen  Farceval  read  a  tranflation  from  Taflb. 

Since  the  commencement  of  the  Vllth  year,  a  literary  journal  has  appeared^  under  the 
title  of  Decade  Egyptienne^  Journal  litteraire  et  d^Eamomii  politique.  The  profpeftus  was 
figned  TaHieftf  and  is  compofed  of  thirty-eight  pages.  The  Journal  is  to  appear  every  de- 
cade, each  number  containing  two  and  a  half  or  three  (heets,  in  o£lavo.  The  price  per  num« 
ber  is  to  be  I  franc  French  money,  or  10  francs  per  12  numbers.  Subfcriptions  are  taken 
by  Citizen  Marc- Aurell,  printer  to  the  army,  quartier  ijyg&(Fran9ois,  at  Cairo.  The  firfl: 
number  appeared  the  10  Vcndermaire,  year  VII-       ,.^^i. 


An  Account  of  the  Operatit)n8  earned  on  for  dccomplifhtng  a  Trigonometrical  Survey  of 
England  and  Wales,  from  the  Commencement  in  1784,10  the  End  of  the  Tear  1796.  Be- 
gun under  the  Direftion  of  the  Roya4  Society,  and  continued  by  Order  of  the  Honour- 
able Board  of  Ordnance.  Firft  publifhed  in,  and  now  received  from,  the  Philofophical 
Tranfeftions.    By  Captain  WilKam  Mudge,  F.R.S.  and  Mr.  Ifaac  Dalby,  Vol.  I.    Illuf- 

'  trated  with  aa  Copper-plates.  London,  printed  by  Bulmer,  and  Co.  for  Fadeui  Cha- 
rxng-Crofs,  1799  •,  437  pages.  Price  il.  8s.  boards. 

ALL  Europe  is  acq[uainted  with  more  or  lefs  of  the  particulars  of  this  furvey,  which  is  a 
work  of  the  utmofl  utility,  and  au  honour  to  our  government,  and  the  parties  to  whom  the 
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<iecution  has  been  intrufted.  Tlic  accotmts  having  hitltcrto  been  publiihed  only  in  the 
rhilofophicalTranfaaions,muftnece(rarilyhave  been  of  confined  circulation.while  the  number 
and  cxpeBcc  of  the  engravings  have  prevented  any  fatisfafiory  detail  from  appearing  in  other 
publications.  The  geographer  and  man  of  fcience  will,  confequcntly,  learn  with  gneat  plea- 
furc,  that  the  account  of  the  operations,  as  far  as  they  have  yet  been  carried,  together  with 
the  plates  of  inftruments,  furveys,  and  other  refulcs,  arc  to  be  had,  in  a  beautifully  printed 
quarto  volume,  at  a  very  eafy  price. 

The  original  defign  had,  for  its  immediate  objcft,  the  afcertaining  of  data,  by  which  the 
diflerencc  in  longitude,  between  the  obfervationg  of  Greenwich  and  Paris,  might  be  deter- 
mined. Soon  after  the  death  of  General  Roy,  the  general  furvey  of  the  kingdom  w;^  com- 
menced, of  which  accounts  were  publiflied,  in  the  Tranfa£lions  for  1 796.  And  in  1 798,  Mr. 
Fadcn  having  determined  on  rcpublifhing  all  the  papers  rebtive  to  this  objefl,  the  prefident 
and  council  of  the  Royal  Society  rendered  him  the  very  eOential  fervicc  of  funiiJhing  lum 
with  the  origuial  copper-plates,  and  the  maller-gencral  of  the  ordnance  granted  him  pennif- 
Gon  to  reprint  the  accounts  of  the  fubfequent  trigonometrical  furvey.  This  is  now  done 
under  the  fuperintendence  of  the  able  men  whofe  names  appear  in  the  title  page,  who 
have  omitted  no  care  to  render  this  coUeftion  of  equal  value  with  the  originals,  and  in  fomc 
few  refpefts  more  fo.  An  account  of  the  changes,  which  the  editors  have  made  in  the  original 
papers,  is  given  in  the  preface ;  where  we  alfo  obferve,  that  Mr.  Fadcn,  with  the  pcrmiffion 
of  the  Board  of  Ordnance,  intends  to  publifh  a  very  fuperior  map  of  Kent,  in  the  courfe  of 
die  prefcnt  year,  from  documents  fuppUed  by  the  labours  of  the  gentlemen  employed  on 
tihe  general  furvey  by  government. 


A  pubHc  inftitution  for  difliifing  the  knowledge  and  facilitating  the  general  introduction 
of  ufeful  mechanical  improvements,  and  for  teaching  by  courfes  of  ledures  and  experi- 
ments the  application  of  fcience  to  the  common  purpofes  of  life,  has  been  propofed  to  be 
cftabliflied,  by  fubfcription,  in  London,  by  fome  gentlemen  of  the  firil  refpcdability.  I  have 
fecn  a  printed  paper,  containing  the  outlines  of  a  plan,  and  a  lift  of  gentlemen,  who  have 
fubfcribcd  fifty  guineas  each,  for  tlus^urpofe.  As  the  plan  itfelf  is  flill  under  deliberation, 
with  regard  to  various  eflential  particiflars,  and  the  prefent  lill  of  fubfcribers  does  not 
contain  the  whole  of  the  names,  on  account  of  the  rapidity  with  which  that  lilt  increafes, 
I  {hall  enter  into  no  further  detail  at  prefentj  than  Cmply  to  obferve,  that  the  plan  appears 
to  have  already  met  with  a  degree  of  fupport,  which  is  no  lefs  honourable  to  .the  public 
ipirit  of  the  fubfcribers,  tlion  diftin^ive  of  its  own  value  and  importance. 
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Argand,  Cit.  ii.  a  10.    HJs  Claim  to  the  In- 
vention of  an  Air  Pump,  ii.  368 
— — *8  Lamp,  i.  69 
Arfi;illaceous  Earth,  Method  of  Separation  of, 

tram  Magnefia,  ii.  83 
Arms,  Fire,  Improvements  in,  i.  517 
Arnault,  H.  ii.  5 1 
Arnold,  maintaining  Power  of  his  Xune- 

f  iece,  ii*  $9 
Arrian,  i.  137 
Art  of  printing  Booka  and  Piece-goods  by 

Cylinders,  i.  18 
Artern,  Salt-works  of,  21.  71 
Artificial  Cinnabar,  ii.  i 

'—  Maj^nets,  Method  of  making,  by 

Coulomb,  11.  80 
A(h,  Dr.  i.  530 
Aiphalturo,  ii.  203 
AUf,  Propagation  of  the  Zebra  with  tbCf  u. 

Athenian  Poplar,  ii.  334 
AtmoCphere,  its  Electricity,  i.  s6 
■  of  the  Planeu,  ii.  40 

Atwood,  i.  168.  ii.  56 
Aublet,  ii.  30a 
Auftin,  Dr.  ii.  241, 247 
Aviccnna,  i.  138 

Azores  Iflands,  Difcovery  of,  1.74 
Axis  of  Rotation,  ii*  40  . 

B. 

Babington,  Mr.  ii.  33$,  336,  337 

Bacon,  Lord  Chancellor,  i.  355 

ii.  20 1.    On  univerfal  Languagei  ai« 
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Baker,  ii.  131 


Balance  for  Time-piecet^  L  57t    SxpanfioDf 

i.  6a 
Baldwin*  i.  tw 
Balfouv^  ^w^^'^2^««s.^N-W\ 
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Ball,  William,  Efq.  ii.  335 

Balloon,  Air,  Experiment  with  a  Parachute 

from  an,  i.  5x3 
Bancroft,  Dr.  ii.  300 
Banks,  Sir  Jofeph,  i.  97,  lei,  188,  190,  £2$, 

287,  288,  308,  404.— ii-'H?.  60,  72,  75, 

76,80,95,96,167,176 
Bannow,  ancient  Corporation  Town  of,  dc- 

ftroycd  by  the  Sands,  ii.  384 
Bar,  compound,  i.  66.     iron,    Procefs  for 

mak.in}(,  ii.  65 
BarbarofTa,  Emperor  Frederick,  i.  139 
Bardiley,  Sftmuel  Argent,  M.O.  on  Party 

Prejudice,  ii.  1S8 
Bark,  of  PAragraatan,  for  dyeing,  ii.  93 
Barnard,  Thomas,  Efq.  i.  190 
Barometer,  Lacowfki's,  New,  ii.  11 
Btrtoliff,.  ii.  1 99 
Barton,  Profeflbr,  ii.  376 
Barytes,  Habitudes  of,  i.  529.    To  obtain 

pure,  i.  53: 
Bafaltes,  ii.  289 

Bats,  fuppofed  fixth  Scnfc  of,  i.  474 
Batterer*  Electrical,  new  Method  of  meafur- 

inj  Its. Force,  1. 156 
Bau^^,  Sieur,   Inventor  of  the  horizontal 

Efcapemenr,  ii.  53 
Bauhin,  Cafpar,  i.  138 
Baum6*s  Method  of  Bleaching  Silk,  i.  32, 

88.    Hydrometer,  i.  37,  192.  ii.  237 
Beafts,  Peculiarities  of  the  Strudture  of  their 

Eye?,  i.  477- 
Beaafoy,  Mr.  ii,  255,  256 
Beccana,  i*  357,  396,  578 
Becher,  John  Joachim,  ii.  344.    His  Scheme 

6f  univerfal  Writing,  ii.  347 
Becman,  on  univerfal  Language,  ii.  345 
Beeuelin,  i.  106 

BeEem,  Martin,  the  &r(l  Difcoverer  of  Ame- 
rica, i.  73,  107 
Behenira,  Martin,  or  Behem,  Chev.  i.  107 
Bellows,  or  blowine  Machines,  ii.  71 
Benjamin,  Purity  of  the  Flowers  of,  ii.  122 
Bcnnet, Rev.  Abraham,  i.  16,266,  270,  397 
— — — 's  Eledhrometer,  ii.  440 
Bentham,  General,  ii.  96 
Bentoin,  Purity  of  the  Acid  of,  ii.  122 
Bergman,  i.  78,  212,  254,  3V?»  3»o»  340« 

ii-  34>  37f  I05»  '9«»  »o-»  *07>  209,  213, 

340 
Beraier,  ii.  86 

Bemouilti,  Daniel,  ii.  176.    On  Gunpowder, 

"•4S9 
Benhollet,  i.  32,  46,  9$,  142,  168.    On  the 

Combinations  of  Oil  with  Earths,  Alkalis, 

and  Metals,  i.  170,  213,  26^,  297,  313, 

331.  ii.  37,  64,  102,  105,  11C5,  156,  190, 

268,  269.    On  the  Zoonic  Acid,  ii.  367. 

Berrv,  Mr.  ii.  47  7 

Berthoud,  i.  61 

Benhout,  Cit.  Louis,  ii.  237 

Beryl,  Earth  of,  or  Giucinc,  ii.  358,  360, 

393 
Befnier,  Father,  on  the  Union  of  Languages, 

ii.  346 
Bewicks,  Mcff.  ii.  63 
Bigncl!ii,  i.  587 
Birch,  broad. leaved  American  black,  ii.  333 

< Mr.  ii.  420 

Birds'  Eyes,  Obfcfvationi  on,  i.  472 
Biringuccio,  ii.  89 
3tron,  Cit.  i*  529 
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Bitaube,  Cit.  ii.  236 

Bitumen,  Proportions  of  Carbon  in,  i.  4S7. 

Elaftic,  ii.  249 
Bitumen*,  ii.  201,  248,  2:02,  204 
Black,  Dr.  i.  239,  289 

Dye,  ii.  338 

Bla^den,'Dr.  Sir  Charles,  i.  :t8,  347,  49S 
Blair,  Dr.  Robert,   his  Method  of  forming 

achromatic  Lenfes  with  Fluids,  i.  i 
Blanchard's  Afcent  by  means  of  a  Balloon, 

ii-  377 
Bleaching  Raw  Silks,  i.  32,  88 

.■  Apparatus  for,  ii.  271.     Art  of, 

by  P.  dc3  Charmes,  ii.  4»7'  0(  Prints, 
Method  of,  ii.  265.  Improved  Procefs  of, 
ii.  268 

Blondclin  THifloire  Naturelle  deValmont  de 
Bomare,  i.  9$ 

Blow  Pipe,  Obfervations  and  Experiments  on 
the  common,  ii.  34 

Blowine  Machines,  ii.  7  c 

Blue,  Pruifian,  Enquiries  concerning  the 
Nature  of,  bv  Prouft,  i.  4^3 

Tournfol,  Procefs  for  making,  ii.  3 1 1 

Blumenbach,  Mr.  i.  256,  519.     ii.  77 

Bodies,  Inllrument  for  meafuring  the  Vo- 
lumes of.  by  H.  Say,  i.  325 

B  >ehm,  Mnnvn.     See  Behem 

Bot-rhave,  i.  363 

Boiard,  i.  201 

Bondr,  i.  44  .      . 

Bones  of  living  Aninmls  augmented  in  Size 
by  the  internal  Ufe  of  Phofphate  of  Lime, 
i.  201.     FolHl,  Cuvier  on,  ii.  220,  511 

Bonhomme  on  the  Cure  of  Ricketts,  i.  174, 
200 

Bonjour,  i.  9;,  142.    On  Nitre,  ii.  23 

Boracic  Acid,  Examination  of  the  Parity  of, 
ii.  X2I 

Borax,  luminous  Quality  of,  ii.  28 

Borda,  ii.  38 

Borelli,  ih  128  ■       , 

B'>rn,  Mr.  ii.  248 

Borlach,  Mr.  ii.  72 

Bofcovich,  i.  555 

Boflur,  ii.  173,  178 

Botham,  Mr.  ii.  309 

Bouchad,  Cit.  ii.  239 

Bougies,  furgical,  to  make,  ii.  413 

Bouguer,  i.  67.  ii.  86 

Boulton  and  Watt's  Steam  Engine,  ii.  229, 
230,231,265 

Bournon,  Count  de,  on  Cryflaline  Forms,  ii. 
540 

Bovey  Coal,  ii.  206 

Boyle  Robert,  i.  iii,  120,  347 

Bradley,  ii.  128 

Brand,  Mr.  ii.  x 

Brafchi,  Prince,  ii.  9;         . 

Brazil,  Difcovery  of,  i.  75 

Brazilian  Diamonds,  Hiftory  of,  i.  24 

Bread,  Method  of  making  of,  without  Ycaft, 
i.  267 

Breathing  into  elc^rical  Jars  to  incrcafc  their 
Capacity,  ii.  530  ^  . 

Brcc,  J.  ii.  284 

Brick -nr.aking,  it.  498 

Brockbank,  maintaining  Power  of  his  Time- 
piece, ii.  59 

Brodbelr,  Dr.  Francis  Rigby,  i.  264 

Brook,  A.  i.  121.  ii.  2i7«  On  the  uncoated 
Surface  of  clcftrical.jars,'ii.  5:8 


Brook, ISamuel,  ii.  96 

Brougham,  Henry,  jun.  Efq.  i.  551.  ii.  147, 

'93 
Brown,  Major,  John,  ii.  227 

William,  M.D.  on  an  univerfal  writ- 
ten Character,  ii.  190 
Dr.  J.  336 


Bruce,  Mr.  ii.  2(;4',  256 

Bru^natclii  on  Phofphorus,  i.  444.    Co  load 

Fulminations  \\  ith  Phofphorus,  ii.  46S 
Bruhl,  Count,  ii.  58 
Brydune,  i.  225 
Bu^c,  William  Urban,  Efq.  on  the  Cultira* 

tion  of  the  Clove  Tree,  i.  287 
Buffbn,  Count  de,  i.  106,  587.  ii.  16 
Butter,  keeps  better  after  FuHony  ii.  357 
Byroi>,  John,  ii.  224 

C. 

Cabral,  Albarer,  j.  icS 

Cairo,  inUirnte  of,  ii.  522,548 

Caldera,  Rifbcrro,  i.  25 

Caliinicus,  ii.  90 

Caloric,  E^c£t  of  combuftible  Materials,  Prize 

QueOion  to  determine  the,  ii.  328 
Camphor,  its  rapid  Motions  upon  Water,  u 

20 1;.      Sf>eedy   DilToluiion    produced   by 

FiFe6t  of  Air  and  Water  thereon,  i.  ao6. 

Deconiponti'>n  cf,  ii.  qS.     Oil  of,  ii.  99 
Camphoric  Acid,  Procefs  for  preparing,  iL 

157 
Camus,  James,  i.  75 

Cit.  ii.  236 

Candles,  their  Effv£^  explained,  i.  70 

Candle,  Chinefe,  i.  72 

Canncl  Coal,  ii.  204 

Canton,  i.  270 

Caprino,  cold  Caves  of,  i.  231 

C  iramuelfhis  Apparat.Philo(bphiqiie,  ii.  346 

Carbon,  Proportions  of  in  Bitumen  and  Mi« 

ncrul  Coll,  by  Kinvan,  i.  48  7.     Dcvelope- 

mcnt  of,  in  vegetable  Matter,  ii.  108 
Carbonate  of  Potafii,  ii.  369 
Carmineti  BalTani,  i.  335 
Carraibri,  M.  Joachim,  M.D.  on  natural 

Piiofphori,  ii.  132 
^Cartwright,  Mr.  his  new  Pifton  for  Pumps, 

&c.  ii.  364,  476 
Carysfort,  Earl  of,  ii.  114 
CafTmi,  i.  99 

Count,  ii.  128,  233,  447 

CmH  Iron,  ii.  104 

Steel,  Propenies  and  Ufes  ©f,  ii.  103. 

M^nu^a6ture  of,  ii.  102 
Canle,  Prices  of  at  different  Periods*  ii.  1S4 
Cavalio,  i.  16.    On  the  Electrical  Multiplier, 

i.  394.     Freezing,  i.  504 
Cavendilh,  H.  i.  143,  240,  357,  499 
On  the  Meafuris  of  Electricity, 

i-.  216.     On  the  mutual  Gravitation  of 

Bodies  and  DcnGty  of  the  Earrh,  ii.  446. 
Caves  emitting  cold  Winds,  Account  of,  i. 

229 
Cawley,  i.  422.     ii.  228 
Cemint  to  clofc  Vefllls  air-tight,  i.  472 
Cementation  of  Iron,  ii.  68  . 
Cefi,  «old  Cavts  of,  i.  230 
Chalur,  ii.  102 

Champy,  J.  P.  on  Nitre,  ii.  23 
Charges  of  the  Eanb,  Priae  Q^eftlon  on  thf, 

ii.  238 
Chspman,  William,  M.R.LA.  ii.  ^ 6, 

Chaptaf, 
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Chaptal,  on  the  Soap  of  Wool,  i.  40.   On  the 

cold  Cavrs  of  Roquef«>rr,  i.  235.  On  BIow- 
'    ingMnc!iints,  i.  ^26.    On  Nitre,  ii.  23.  On 

the  Caul'c  «;t'  Difference  between  ihc  Acct- 

"Ous  and  Acetic  Acids,  ii.  518 
Chara£tcr,  Univerfal,  ii.  189.     Bv  Dr.  An- 

derfon,  ii.  190.     By  Dr.  Brown,  ii  342. 
Cliarconl,  reduces  Metals  in  the  humid  Way, 

ii.  404.     Its  im^nrrfe^  condu£ting  Power, 

as  to  Hear,   is  of  great  Confequence  in 

Chcmiftry,  ii.  499 
Ciiarge,  Electric,  Method  of  mcafuring,  i. 

Charles  Vih,  i.  109 

Charlevoix,  Father,  ii.  394 

Charmcs,  P.njot  dcs,  ii.  427 

Chary bdis,  Defcription  of,  ii.  12,  17 

Chaufiier,  i.   144,  269,  271.    On  Hats,  i. 

399t  5^0 
Chemical  Affinity,  Doubts  as  to  its  Exift- 

ence,  ii.  i6r 
Chevalier,  M.  ii.  192 
Chiavenna,  Cold  Caves  of,  i.  23T 
Chrome,  a  new  Metal,  ii.  145,  387,441 
Chriftie,  Mr.  i.  598 
Chryfolite,  Analyfis  of,  ii.  414 
Chryftals,  Method  of  obtaining  the  pure  fixed 

Alkalis,  i.  164.     Quartz,  of  Gibraltar,  ii. 

187 
Cigna,  i.  396 
Cinnabar,  Artificial,  new  and  improved  Pro- 

cefs  for  making,  ii.  1 
Civil  Engineers,  Society  of,  ii.  47,  9$ 
Cleaning  of  Prints,  Method  of,  ii.  265 
Cleghorn,  Dr.  i.  186 
Cleomedes,  ii.  T84 
Climate  of  Ireland,  change  of  in  modem 

Times,  ii.  385,  431 
Clire,  Lord,  ii.  267 
Clocks,  i«  36.     Obfenrations  on  the  Efcape- 

nents  0^  i.  419.    Various  Kinds  of  Ef- 

capements,  for  maintaining  Power  of,  ii. 

49. 

Clolure  of  Veflels,  Method  of,  to  render  air- 
tightf  i.  s6o 

Clouds,  Account  of  Changes  of  Colour  and 
DireS^ion  of,  i.  265 

Clouet,  i.  142.     ii.  237 

Coal,  Mineral,  Proportion  of  Carbon  in,  i. 
487.     CanncI,  ii.  204.     Bovey,  ii.  206 

Cobalt,  i.  540 

Cockihutt,  James,  ii.  96 

Cogs,  Whecb  without,  {.3x9 

Coglhairs  Rule,  i.  450 

Coin,  Table  of  the  new  French,  i.  199 

—  Whether  its  exchangeable  Value  can  be 
regulated  by  the  State,  ii.  26 1.  \Vhe- 
ther  it  could  all  be  made  of  one  Metal,  ii. 
261.  If  two  or  more  Metals  be  ufedy 
whether  the  State  can  fix  the  Ratio  be- 
tween them,  ii.  s  6s.  If  only  one  be  fixed 
and  the  other  left,  whether  the  dearer  or 
cheaper  Metal  ought  to  be  taken,  ii.  262. 
The  beft  Figure  and  Impreflion  of,ii.  262. 

Cold,  its  Effca  on  volatile  Oils,  by  Margue- 
ron,  i.  iZi,  227.  Winds ifluing from  the 
Earth,  i.  229.  Efft^s  of  upon  Water,  i. 
568.  Beft  Method  of  producing  Artifi- 
cial, i.  497 

Collier,  Jol'eph,  on  Iron  and  Steel,  ii.  190. 
On  the  FermeiitaiioQ  «nd  DiftiUatioii  of 
Ardent  Spirit,  ii.  190 


Colman,  Mr.  506 

Colour,  remarkable  Change  of  in  a  Negro, 

ii.  iQt 
ir-i,  of  Light,  i.  551,  c86.     Canfe  of, 

i.  CQ^.     From  Specula,  ii.  19+.     yeg«-t- 

ablc,  new  and  very  pctmtnent,  ii.   ii;5. 

new  Phenomenon  of,  in  flat  Plates  of  Glafs, 

ii.  313 

Coloured  Shadows,  i.  101.    Apparatus  for 

producing  fame,  i.  104 

Colouring,  principle,  Pruf!ic,  i.  142 

Columbus.  Chriftopher,  i.  73t  107 

Combination  of  Oils  with  Earths  and  other 
Subftance;;,  i.  170 

Combrune,  M.  ii.  284 

Combufiion,  Obfervarions  on,  i.  350.  Of 
Phofphorus  in  Vacuo,  i.  236.  L.  de  Vinci 
on,  ii.  87 

Comet,  its  Tranfit  over  the  Sun,  ii.  357 

Comets,  F^centricity  of  the  Orbits  of,  ii.  41. 
Improbability  of  the  Earth  being  deftroy- 
ed  by,  ii.  42 

Compafs,  Mariners,  Account  of  the  beft  Me- 
chanifm  for  the  Sufpenfion  of,  i.  426 

Compaffes,  Proportional,  ii.  89 

Compofition  for  extinguiihing  Fire;  ii.  279. 
Of  Salts,  on  the  Tables  of,  ii.  340 

ConcuflioD,  Detonations  produced  by,  i.  168 

Condillac,  Abbe,  ii.  347 

Condorcct,  i.  69, 212.  His  Elements  of  Ac- 
counts, ii.  524 

Conductors  for  Lightning,  Obferrations  on 
Metallic,  i.  434t  43^ 

Confifcation  and  Sale  of  Works  of  Art  by  the 
French  in  Italy,  ii.  94 

Congelation,  ii.  163.  Of  Mercury,  i.  143, 
497.    Of  Volatile  Oih,  i.  183 

Conftantinus,  i.  138 

Cooper,  Mr.  ii.  269 

Copernicus,  ii.  40,  84. 

Copper.  Procefs  of  working  the  Ore,  Smelt- 
ing, &c.  i.  368.  Money,  ii.  260;  Native, 
large  Mafs  of,  ii.  508.  Plates,  Glafs  pro- 
poled  as  a  Subftitute  for,  ii.  60.  Plate 
Iropreflions,  Method  of  cleaning,  ii.  265 

Coqurben's  Account  of  the  French  Syftem 
of  Meafures,  i.  193.     Cit.  Charles,  ii.  72 

Corn,  damaged  by  improper  Houfing,  ii.  31. 
Method  of  determining  its  Quality  or 
Strength,  ii.  32 

Cornea  of  the  Eye,  Experiments  on,  i.  474, 
Treatment  of  the  DileaCes  uf,  i.  5^0 

Correal,  Francis,  ii.  94 

Corundum  Srone,  Account  of,  by  C.  Gre- 
ville,  Efq.  ii.  477,  536 

Coftcl,  M.  i.  170 

Cotton  Tree,  Pcrfian,  on  the,  ii.  4S7 

Coulomb,  i.  97.    On  Magnets,  ii.  8:7,446 

Cnxe,  i.  1^3. 

Cramonr,  i.  97 

Crawford,  Dr.  i.  289,  518,  529.  ii.  108,  XI4 

Crell,  ii.  10 

Creroy,  Mr.  ii.  335 

Creiifot,  i.  142 

Crome,  Aug.  Fred.  Guil.  on  the  comparative 
Culinre  of  Land,  i.  47 

Cromwell,  Oliver,  ii.  346 

Crown  Wheel  Efcapement,  ii.  5Q 

Cruickfliank,  Mr.  William,  i.  285,286,  337. 
His  Analyfis  of  Sugar,  ^()^cilage,  &c.  ii. 
406 

Cry ftal  Iceland;  ii.  198 
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Cr)ftallinc  Forms,  ii.  540 

Culture  of  Land,  i.  47 

Cuming,  Alexander,  i.  $9.  His  Efcape- 
ment, ii.  58 

Currents,  hor  and  cold  in  the  Sea,  i.  573 

Curvature  of  Bodies  produced  by  change  of 
Temperature,  i.  62 

Curve  Lines,  of  the  Surface  of  Ellipfoid,  i.93 

Curhbertfon,  Mr.  John,  his  Air  Pump  de- 
fcribcd,  i.  121,  130,241,  441.  Air  Pump, 
ii.  29.  On  the  Meafure  of  Electricity,  ii. 
2 1 5  Apparatus  for  producing  Warer  by 
Combuilion,  ii.  235.  On  Ek^ical  B-itre- 
ries,  and  hisuniverralElc6bY>meter,ii.  525 

Cuvier,  Cit.  i.  46.  ii.  237.  On  the  fdfii 
Bones  of  extindt  Animals,  ii.  513 

Cuypers,  C.  on  Glafs,  ii.  420 

Cylinder  Printing,  i.  18 

D. 

Daboville,  General,  ii.  38 

Dilby,  Mr.  Ifaac,  i.  150,  198.  ii.  550 

D*Alemben,  ii.  84,  176 

Dalgarme,  George,  on  an  univerfal  Charac- 
ter, ii.  345,  428 

Dalton,  Mr.  John,  on  the  Vifion  of  Colotm» 
ii.  188 

Dalzel,  Andrew,  M.  A.  F.R.S.  Edin.  on  M. 
Chevalier's  Tableau  de  la  Plaine  deTroye, 
ii.  X92 

Damafcus  Steel,  Imitation  of,  i.  469.  ii.  104  • 

D'Andrada,  M.  i.  24 

Dangos,  his  Obfervation  of  the  Tranlit  of  a 
Comet,  ii*  357 

D*Anville,  ii.  256 

D'Arcet,  i.  40.  ii.  37. 

Darwin,  Dr.  i.  107,  397.  ii.  368 

Da  Vinci  Leonardo,  ihort  Sketch  of  his  Life, 
i.  599.  On  the  Crown  Wheel  Efcape- 
ment, ii.  51.    Manufcripts  of,  ii.  849  90  . 

Dead-beat  Efcapement,  ii.  52 
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Volatile  Oils,  how  alfeded  by  Cold,  i.  18a, 

a47  . 

Volcanic  Prod u6tionf,  i.  ^85 

Volta,  i.  203,  256,  257,  335,  396,  397,  3^ 
Von  Aken,  M.  i.  279 
Vuiiiamy,  Mr.  Benjamin,  his  artificial  over- 
flowing Well  v  VU-L-v^ 


S«4 
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X. 


w. 

Wadftrom,  Dr.  ii.  156,  159 

Waeeofeil,  Dr.  i.  7$ 

Wiinfcot  Oak,  ii.  33^ 

Walckier'i,  bis  Si;k  Machine  for  Elcaricity, 

ii.  4ao 
Waletf  North,  Geological  Obfervations  on, 

I.  aao 
Walker,  Mr.  Richard,  on  Artificial  Cold,  i. 

497 
■  Steel,  i.  576 

Wallace,  William,  Geometrical  Porifms,  ii. 
191 

Wallerius,  i.  24.  ii.  204 
\  Wailingfort,  his  ancient  Watch,  ii.  51 

Ward,  11.84. 

Wargentin,  ii.  126,  128 

Warrent,  i*  359 

Watchei,  Obfervations  on  the  fifcapements 
of»  i.  429.  On  the  maintaining  Power 
of,  ii.  49.    Efcapements  for,  ii.  50 

Water,  Deooropofition  of  hj  EleAric  Dif- 
chargett  i.  241,  349-     Edie^ts  of  in  eq  la- 

'  lizing  the  Temperature  of  the  Globe,  i. 
567.  Spouts,  account  of  the  Appearance 
of,  by  M.  Michaud*  i.  577.  Circular 
Eddies  or  Whirls  of,  ii.  S8.  General 
Fa^s  relative  to  its  Motion  by  L.  de 
Vinci,  ii.  88.  Upwards  of  Two  Gallons 
made  to  boil  by  Fri^^ion,  ii.  113.  Conge- 
lation oi^  u.  163.  Diftillcd  for  Chemical 
Experiments,  economical  Mode  of  obtain- 
in^,  ii.  209.  Water,  eafy  Mode  of  pu- 
^■yiogff  by  Barytcs,  ii.  213.  Expence 
of  as  a  firft  Mover,  ii.  459.  Mills,  Power 
of,  ii.  464.  Wheels,  Bucket  and  Bread, 
compared,  ii.  497,  544 

Wation,  Dr.i.  i92|  494,  496,  575.  Major, 
ii.  9$.    Mr.  White,  ii.  249 

Wart,  Mr.  i.  424.  ii.  46 

Watt^,  John,  ii.  96 


Weather  Inftrument,  Laiowiki's  MeW|  iL  1 1 
Weaver,  Mr.  ii.  217 
Wedgwood,  Thomas,  1.  363 
'  Mr.  on  Sydney  Earth,  i.  404. 

II.  73 
Weights*  Table  of  the  new  French,  i.  199. 

I'able  of  French  and  Comparifon  with 

Eagliih,  i.  332. 
Welding  of  CiA-fteel  with  Iron,  i.  575 
Wclte,  i.  143 
Welter,  Cit.  1-329 
Well,  artificial,  overflowing  of,  by  Vulliamy, 

ii.  276 
Welther,  Cit.  his  Procefs  for  making  Car* 

bonare  of  Porafli,  ii.  369 
Wenzel,  x.  100.  ii.  340 
Werner,  i.  537 
Weftrumb,  Mr.  i.  144 
Wheat,  Prices  of,  at  different  Periods,  ii.  284 
Wheels  without  Cogs,  i.  329.    Underlhot 

and  Ov«r(hot  compared,  ii.  464 
Whinftone,  Caufes  of  the  fiony  Charader 

of,  ii.  285 
Whi*e,  Charles,  Efq.  F.R.S.    Account  of 

three  valuable  Timber  Trees,  ii.  190,  333 
Whitehurft,  Mr.  John,   F.R.S.  i.  57,  65. 

ii.  95 
Whitworth,  ii.  9$ 
Wick  of  Candles  and  Lamps,  i.  68 
Wicks,  economical,  i.  69  . 
Widmanftal,  ii.  84 
Widenmann,  ii.  204,  248 
Wilckc,  i.  396 
Wilkins,  Bifliop,  his  perpetunl  Motion,  i. 

376.  ii.  191.    Accountof  his Philofophi* 
'    cal  Language,  ii.  346 
Wilkinfon,  General,  ii.  31$ 
Williams,  Lieut.  CoL  i.  xco,  198 
Willis,  i.  363 
WiUbn,  Profeffor,  on  Multiplying  engraved 

Plates,  ii.  60 


Wilfoa,  Patrick,  F.R.S.  oa  &  felf-moving 

Lamp,  ii.  167,  192 
Winds,  Cold,  ifluing  oat  of  the  Earth,  i. 

**9.  >33 
Wind  as  a  firft  Mover,  ii.  4^9,  46 1     Weft* 

crly  in  Ireland,  have  of  late  Years  blowia 

with  uncommon  Violence,  ii.  382 
Wire-clorh  for  Lanthoms,  ii.  412.     Fufed 

by  Ete^ricity,  ii.  526.    Ufed  as  a  Wa« 

ther  Inftrument,  ii.  1 1 
Wittman,  Dr.  i.  286 
Wood,  Bituminous,  iL  206.    Engraving  on, 

ii.  63. 
Woodward,  Dr.  ii.  477 
Wool,  Soap  of,  i.  40 
Worcefter,  Marquis  of,  i.  376.    Scheme  for 

Perpetual  Motion,  i.  377.    Defcription  of 

his  Steam  Engine,  1.419.  ii«a28 
World,  Syftem  of  the,  b^  Laplace,  ii.  39 
Worfley,  Sir  Richard,  ii.  95 
Woulfe,  Mr.  ii.  141,  319 
Wounds,  £fi*e£t  of  Galvanic  Irritation  on,  i. 

256 


Xerxes,  ii.  319 


X. 


Y. 


Yeaft,  fubftitute  for  in  making  Bread,  i.  aSy. 

ii.  357 
Yelin,  ii.  S 

Yciloy,  Procefs  for  dying  Silk,  i.  9X 
Yeoman,  Mr.  ii.  9$ 
York,  Duke  of,  i.  328 
Yoiuig,  Mr.  Thomas,  on  Vifion,  i.  305 
Sir  William,  i.  190 

Z.  t 

Zebra,  curious  Fads  rcfpeAing    he  Prqpii* 

pition  of,  ii.  267 
Zoonic  Acid,  ii.  367  ^ 


ERRATA  IN  VOL.  IL 


Pagf»  Une, 

19      3  from  the  bottom,  for  d;,  rc^.d  aa 
46     13  ^{rtT  page  42^,  infert  ^oL  L 

The  plate  of  Apparatus  (hould  be 
numbered  II. 
laa     «8  for' />i fir. j\caly  read  [ymdic 

19  for  1  ^.  8  ^.  26  /o  ^lead  1  </.  18  h, 
28  m.  36  /. 
114    37  for  not  quitf^-ii'i  read  upwards  of 

-30''    ^ 

—  40  for  97  J  days  ufcy  read  117  and  97! 

days  uji  rij}*ehively 

—  «//.  for  X  read  0/. 

lA  j     1 1  What  is  faid  of  the  frfi  and  fuortd 
jateUiicSy  rcfpedlip^  the  annua} 


Pa^e,  Lane, 

error,  is  eza6IIy  true,  only  with 
rcfpc^t  to  the  Jecond :*^iYit  error 
of  ibe/irji  being  minus.,  and  in  a 
fmalicr  proportion. 

264  «—  In  Tome  copies,  the  figures  in  the 
K9it:  have  Hipped,  and  give  an 
imperfect  impreilion.  Head  the 
amount  of  Gold  coined  between  the 
years  1762  and  1772  bothindu* 
Jive<t  was  8,157,203/.  15J.  ^d. 
and  h 'tween  1782  and  1792,  both 
fyichji'VCy  was  19,675,666/.  i4i. 
t>d.  and -between  1773  and  im^ 
bab  inclvjivcy  was  X9»59i,833/. 


I/.  And  in  the  fourth  line  from 
the  bottom,  read  reckoned  at  } 

(half)  per  cent, 
275      S  read  the  pipe  ABFE 
439       8  from  the  bottom  foxflate  read  platt 
488     14  from  the  bottom,  enfe  the  full  ftop 

after  the  word  polijbedy  and  add 

a  full  ftop  after  length 

490  T  for  offered,  r^:i^  rffrdcd 

—  3  from  the  bottom  for  K  B  read  K  D 

491  12  read  interior  part  of  ili-?  tube 

—  3  from  the  bi^ttom  for  D  D  F  C  read 

DBFC 
558      6  for  Biringziccim  read  Berii^^itcdK* 
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